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COTTON DISEASE IN CHINA 


A branch of a Chinese cotton plant affected by the club-leaf (cyrtosis) disorder. 
In the lower part the internodes are of normal length and the leaves of normal 
size and shape, but change abruptly in the upper part to the short internodes and 
distorted leaves that characterize the disorder. Photograph natural size. (No. 
81.) Nanking, China, Oct. 25, 1919. (Frontispiece.) 
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DISORDER COTTON PLANTS 
CHINA: CLUB-LEAF CYRTOSIS 


A Serious Limiting Factor of Production Not Hitherto Recognized, 
Resulting in Abnormal growth and Sterility 
O. F. Coox 
Bureau of Plant Industry, U.S. Department of Agriculture 


HY China does not produce 
more cotton is a question to be 
answered largely in terms of 
disease and insect injury. The 

total production undoubtedly could be 
increased greatly, and the quality im- 
proved, if selection and other precau- 
tions were applied, but the pests and 
diseases are not to be disregarded. In 
addition to direct damage by the pink 
boll-worm and other insects, there is a 
peculiar abnormality or disordered be- 
havior of the plants, which undoubtedly 
is one of the principal limiting factors 
of cotton production in the central 
regions of the Yangtze Valley. Though 
not showing definitely diseased spots or 
other localized injuries that bacteria, 
fungi or insect parasites usually inflict, 
the plants are crippled, the leaves re- 
duced in size, discolored and distorted, 
the petioles and internodes shortened, 
and the branching habits changed. 
Badly affected plants become somewhat 
club-shaped, with a dense “witches’- 
broom” growth of dwarf branches and 
small crumpled leaves at the top, which 
has suggested “club-leaf” as a name for 
the disorder. 

OTHER NON-PARASITIC DISORDERS 

The word disorder has been applied 
to other forms of abnormal behavior of 
cotton plants in the United States, such 
as the leaf-cut or tomosis, which also 
occurs in China and often is associated 
with severe cases of club-leaf. The 
effect of tomosis is to kill irregular 
areas of leaf-tissue, giving a ragged 


appearance that may be mistaken for 
insect injury. The damage begins with 
dead oil-glands and spreads to the neigh- 
boring cells, sometimes destroying large 
portions of young leaves, which may 
regenerate partly to form even rounded 
margins, but in very abnormal shapes 
(see Fig. 4). 

Club-leaf shows a closer analogy, as 
well as more resemblance to the leaf- 
curl disorder caused by plant-lice. With 
both disorders the leaves are distorted, 
but in leaf-curl the base of the leaf 
is deeply crumpled, while in club-leaf 
the margins and lobes are more af- 
fected, rather than -the base of the 
leaf. (Compare Fig. 3 with Fig. 4.) 
lLeaf-curl affects the seedlings, is most 
prevalent in the spring months, and 
usually causes only slight and tempo- 
rary injury, whereas the Chinese dis- 
order does not come in the spring but 
is most injurious during hot weather, 
at the height of the fruiting season. 

Though such disorders may not be 
directly transmitted they need to be 
studied from the standpoint of heredity. 
The different kinds of cotton show 
various reactions and degrees of sus- 
ceptibility or immunity, which are con- 
stitutional in the plants, and undoubt- 
edly are inherited. The cause of club- 
leaf was not determined, but leaf-hop- 
pers were extremely abundant on cot- 
ton, soy beans, egg-plants and other 
crops that are planted together in 
China, and may be suspected of causing 
or transmitting the disorder.’ 


. ~~ . . ” 
*\ Jeaf-curl disease of cotton in East Africa has been ascribed to “cicaden. See 
Kraenzlin, G., 1911, Beitraege zur Kenntnis der Kraeusel-Krankheit der Baumwolle, Der 


Pflanzer, 7 :327. 


For descriptions of leaf-cut and leaf-curl see Circular 120, Bureau cf 


Plant Industry, U. S. Dept. Agriculture, issued April 5, 1913. 
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EXTREME FORM OF THE CLUB-LEAF DISORDER 
Branch of a Chinese cotton plant showing very short internodes, many abnormal 
branches and closely crumpled leaves forming compact masses like the so-called 
‘witches brooms.”’ Photograph natural size, Nanking, China, Oct. 25, 1919. (Fig. 1.) 
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A LESS ENTREME FORM OF THE DISORDER 


A tip of a Chinese cotton plant affected by the club-leaf in a less extreme form 
than that shown in the preceding illustration. This shows abnormal branching 
short internodes and disterted leaves but these symptoms are not developed to 
the greatest extent and the growth is less compact than in the worst cases. Photo- 
graph natural size, Nanking, China, Oct. 25, 1919. (Fig. 2.) 


¢ 


102 The Journal of Heredity 


RELATION TO EXTERNAL CONDITIONS 


The club-leaf disorder is manifested 
in many different degrees, depending 
upon external conditions partly 
upon the variety. Though all of the 
plants become more or less abnormal 
in an area, individuals that 
stand side by side may show different 
degrees of deformity or reduction of 
the leaves, especially in the Chinese 
cotton and other unselected — stocks. 
(See Figs. 1 and 2.) In severe cases 
all of the floral buds are aborted 
so that no more fruit can be set, and the 
crop is limited to the early bolls. Late- 
planted cotton suffers worse than early 
plantings, because there is less time to 
set a crop before the club-leaf begins. 
Plantings that fail to fruit early may 
remain completely sterile. \Wuith cooler 
weather in September or October, flow- 
ering and fruiting may be resumed, but 
the late bolls are not likely to open 
before frost. Hot weather in the spring 
is supposed to develop the disorder 
early in the season, and the injury 1s 
worse im some years than it was in 
1919, according to native growers near 
Nanking. 

Little injury is done by club-leaf in 
the coast districts around Shanghai, 
Hangchow and Nantungchow, but very 
severe injuries were found at Wusih, 
Nanking, Anking, Wuchang, Nan- 
chang, and Yochow. In districts to the 
north of Nanking, as at Chuchow an‘ 
Nanhsuchow, and north of Hankow, at 
Chengchow and Changteho, the club- 
leaf is generally present, but appears 
rather late in the season, so that the 
damage is not serious, and cotton 1s 
the chief crop in many districts. The 
country around Changteho, visible from 
the tomb of Yuan Shi Kai, appeared 
as an almost continuous cotton field. 
Around Peking and Vientsin club-leaf 
apparently ceases to be a factor of 
practical importance, only the last 
growth of the season being discolored 
or distorted. 

The relative immunity of the more 
continuously humid rice country along 
the eastern coast may be explained by 


facts noted at Nanking University, 
where one corner of the experimental 
held was in lower ground and shaded 
from the morning sun by the wall of a 
compound and a row of trees. In this 
part of the field no symptoms of club- 
leaf disorder could be detected at the 
middle of August, though in other parts 
of the same field the disorder was 
strongly developed, and by the end of 
August it had appeared also on the 
later growth of the plants in the pro- 
tected corner. In another protected and 
somewhat shaded planting at Nanchang, 
some of the very late growth of the 
Upland varieties seemed to be entirely 
normal, although somewhat older leaves 
of the same plants were discolored and 
distorted. 


ABNORMALITY OF BRANCIHIIING 


A general symptom of club-leaf is the 
development of many branches from 
buds that in normal plants would re- 
main dormant. Although vegetative 
branches usually are produced only 
from the lower joints of the main stalk, 
each leaf-axil contains a bud that may 
erow into a vegetative branch, follow- 
ing an injury or under conditions of 
luxuriance. In severe cases of club- 
leaf most of the axillary buds develop 
into branches, and even adventitious 
buds produce branches, sometimes four 
or five from the same node, a condition 
that might be described as abnormal 
proliferation or polyclady. The forma- 
tion of extra branches goes farther with 
the Chinese cotton than with Upland 
varieties, and produces the densely club- 
like masses of foliage which suggested 
the name of the disease. (See Frontis- 
piece and Iigs. 1 and 2.) Upland vari- 
eties do not not form such dense masses 
of fohage, but retain a more open habit 
of growth as shown in Fig. 9, 


SHORTENING OF INTERNODES AND 
PETIOLES 


Another element of the changed 
appearance of the affected plants is 
the shortening of the joints of the stalks 
and branches, and the petioles of the 
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CHINESE COTTON LEAVES AFFECTED BY CLUB-LEAF 
Club-leaf or cyrtosis of China ~_ what resembles the’plant-louse leaf-curl, but instead of the 
crumpling of the base of the leaf, the lobes are distorted and the margins rolled, with vellowing 


or reddening of tissue between a veins, shortening of petioles and internodes, abnormal branch- 
ing and abortion of buds and bolls. Natural size. (Fig. 3.) 


4 
3 
é 
j 


102 The Journal of Heredity 


RELATION TO EXTERNAL CONDITIONS 
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The relative immunity of the more 
continuously humid rice country along 
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facts noted at Nanking University, 
where one corner of the experimental 
field was in lower ground and shaded 
from the morning sun by the wall of a 
compound and a row of trees. In this 
part of the field no symptoms of club- 
leaf disorder could be detected at the 
middle of August, though in other parts 
of the same field the disorder was 
strongly developed, and by the end of 
August it had appeared also on the 
later growth of the plants in the pro- 
tected corner. In another protected and 
somewhat shaded planting at Nanchang, 
some of the very late growth of the 
Upland varieties seemed to be entirely 
normal, although somewhat older leaves 
of the same plants were discolored and 
distorted. 


ABNORMALITY OF BRANCHING 


A general symptom of club-leaf is the 
development of many branches from 
buds that in normal plants would re- 
main dormant. Although vegetative 
branches usually are produced only 
from the lower joints of the main stalk, 
each leaf-axil contains a bud that may 
grow into a vegetative branch, follow- 
ing an injury or under conditions of 
luxuriance. In severe cases of club- 
leaf most of the axillary buds develop 
into branches, and even adventitious 
buds produce branches, sometimes four 
or five from the same node, a condition 
that might be described as abnormal 
proliferation or polyclady. The forma- 
tion of extra branches goes farther with 
the Chinese cotton than with Upland 
varieties, and produces the densely club- 
like masses of foliage which suggested 
the name of the disease. (See Frontis- 
piece and Figs. 1 and 2.) Upland vari- 
eties do not not form such dense masses 
of foliage, but retain a more open habit 
of growth as shown in Fig. 9. 


SHIORTENING OF INTERNODES AND 
PETIOLES 


Another element of the changed 
appearance of the affected plants is 
the shortening of the joints of the stalks 
and branches, and the petioles of the 
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CHINESE COTTON LEAVES AFFECTED BY CLUB-LEAF 


Club-leaf or cyrtosis of China somewhat resembles the*plant-louse leaf-curl, but instead of the 
crumpling of the base of the leaf, the lobes are distorted and the margins rolled, with yellowing 
or reddening of tissue between the veins, shortening of petioles and internodes, abnormal branch- 
ing and abortion of buds and bolls. Natural size. (Fig. 3.) 
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leaves. In this there is an analogy with 
the condition called “clustering” or 
“brachysm,” which is a feature of some 
varieties of Upland cotton in the United 
States. In some varieties brachysm is 
definitely hereditary, while in others the 
shortening of the joints has relation 
to external conditions. But in_ bra- 
chysm only the joints of the fruiting 
branches are shortened, whereas the 
club-leaf disorder also affects the inter- 
nodes of the main stalk and the vegeta- 
tive branches. The shortening, like the 
abnormal branching, is carried farthest 
in the Chinese cotton, not so far in the 
Upland, and is still less apparent in the 
Sea Island and Egyptian types. 


REDUCTION AND DISTORTION OF 
LEAVES 


In severe cases of club-leaf the leaves 
are greatly reduced, often to less than 
half the normal size, and are twisted 
and crumpled over the entire surface, 
with a general arching or bending back 
of the midrib and principal veins, so 
that the lobes and margins of the leaf 
are turned under. In the native Chin- 
ese cotton these symptoms are carried 
somewhat further than in the foreign 
varieties, though Upland cotton also is 
severely affected, and sometimes the 
margins and lobes are rolled under 
more abruptly and regularly than with 
the Chinese cotton. (Compare Figs. 
1 and 2 with Figs. 5 and 9.) 


DISCOLORATION OF LEAVES 


Though the discoloration differs in 
extent with varieties and conditions, an 
angular mottling of the web of the 
leaves is a regular feature of the club- 
leaf disorder, beginning along the 
margins and advancing into the thinner 
tissue between the lobes, though keep- 
ing away from the principal veins. At 
first the discoloration is only a_ paler 
and more yellowish-green, which con- 
tinues in the Chinese cotton to the end 
of the season, but in Upland cotton a 
reddish tinge soon becomes appreciable 
and gradually becomes more pro- 
nounced. Late in the season, a deep 


red color renders the fields of Upland 
cotton strikingly different from the 
native Chinese cotton, even at a dis- 
tance. 

Among the Upland varieties grown at 
Nanking University and at the Wu- 
chang Experiment Station, the Durango 
reacted most strongly in regard to dis- 
coloration and distortion of the leaves, 
and Columbia the least, but the Colum- 
bia seemed to be less mature than the 
other varieties, and maturity may be a 
factor in bringing the disorder into ex- 
nression, 

Connected, perhaps, with the more 
pronounced color reaction, is the fact 
that when affected plants of Upland 
cotton suffer from drought or other 
unfavorable conditions, the discolored 
portions of the leaves may dry out and 
die, the death of the tissue taking the 
same course as the discoloration, begin- 
ning at the margins, following back be- 
tween the principal veins, and leaving 
a band of tissue alive along the veins. 

The discoloration of the leaves, in 
connection with the other symptoms, 
suggests that the club-leaf may prove 
to be one of the so-called mosaic dis- 
eases, the causes of which are. still 
obscure, though some of them, such as 
the sugar-beet disease of the United 
States and the sugar-cane disease of 
Hawaii, are supposed to be transmitted 
through the agency of insects. On the 
other hand, analogy with the leaf-curl 
caused by the plant-lice might account 
for club-leaf without supposing that a 
germ or parasitic organism 1s involved. 
Though the injuries are more serious 
than those of leaf-curl, there is a similar 
limitation to the growing tissues, with 
no appreciable effect upon the parts that 
have developed earlier in the season. 
The injury as a whole may be con- 
sidered as a generalized gall-formation 
modifying the growth of the plant while 
the insects are active, but not affecting 
the tissues that are formed before or 
after. The discoloration symptom is 
lacking in the plant-louse disorder, but 
some galls are highly colored and others 
not. The club-leaf is not transmitted 
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LEAF-CUT OR TOMOSIS 


Leaf-cut injuries are serious only in the spring when the plants are in the seedling 


stage. 


It begins at the oil glands and is caused by the death of angular areas 
of leaf-tissues, spreading to the neighboring leaf-tissues and resulting in very 
irregular mutilations, which, when very young leaves are affected, are some- 
times healed by scars or regenerated by new growth. Natural size. (Fig. 4.) 


| 


106 The Journal of Heredity 


A DURANGO COTTON PLANT 


This plant was in a somewhat protected 
situation at Nanchang, China, but shows 
the effect of the club-leaf disorder, in a rather 
mild form, in its restricted growth, distorted 
and discolored leaves, and the fruit aborted. 
There is however little reduction in size of 
leaves or shortening of petioles. (21761.) 
(Fig. 5.) 


through the seed, as may be inferred 
from the normal growth and fruiting of 
the plants early in the season, but if the 
disorder is caused by insects which live 
also on other plants, as seems not im- 
probable, there would be danger of im- 


portation with ornamentals, nursery 
stock or bulbs. 


GENERAL CONTRAST BETWEEN CHINESE 
AND UPLAND VARIETIES 


Experiments with American varieties 
are being made in many places in China, 
in the hope that larger crops and better 
quality of fiber can be secured than 
from the native stock. The rapidly ex- 
panding textile industry of China needs 
more cotton, and etforts are now being 
made to increase production as rapidly 
as possible. The existence of such 
plantings made it possible in the season 
of 1919 to compare not only the normal 
behavior of the Chinese coiten and 
American varieties, but to observe the 
effects of the club-leaf disorder upon 
several kinds of cotton growing under 
a wide range of climatic and cultural 
conditions, as already noted. 

The results of the comparison may be 
summarized by saying that the mor- 
phological reactions of the club-leaf 
disorder are most pronounced the 
Chinese cotton, while in the American 
Upland varieties the physiological re 
actions are more striking. “The Chinese 
cotton shows more pronounced changes 
its habits of growth, while the 
land cotton shows more. discoloraion. 
Fruiting is suspended in both types 
when the club-leaf disorder is severe, 
though it was noted at Wuchang that 
the ‘Trice cotton continued te produce 
bolls on the club-leaf growth, which 
in the neighboring Chinese cotton was 
entirely barren. Trice had a general 
advantage on account of earliness, 
though Lone Star and Acala appeared 
promising in some of the drier dis- 
tricts, and especially at Peking. 

REACTIONS OF EGYPTIAN AND SEA 

ISLAND COTTONS 


Several of the plantings included 
Egyptian and Sea Island cotton so that 
the club-leaf reactions could be com- 
pared. In general these types agree 
with the Chinese and contrast with the 
Upland in failing to develop a red dis- 
coloration of the leaves, but the rela- 
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DISEASED LEAVES OF EGYPTIAN COTTON 


Plant-louse leaf-curl or hybosis, on Egyptian cotton, causing different degrees of 
distortion through shortening of the principal veins and crumpling or buckling of the 
web of the leaves but without mutilation or perforation, none of the leaf-tissue 
being killed. The effect of leaf-curl is to retard temporarily the growth of the 
plants, which recover completely when conditions become favorable for rapid 
growth in warm weather. Natural size. (Fig. 6.) 
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RUSSELL COTTON AT WUCHANG, CHINA 


The club-leaf disorder has affected the plant 
in its later growth as shown at the top 
contrasting with the older normal leaves 
below. (Fig. 7.) 


tions are reversed in respect to reduc- 
tion and distortion, which are less than 
in the Upland cotton, and much le: 
than in Chinese. Another difference is 
that the margins of affected Sea Island 
and Egyptian leaves usually curve up- 
ward, so that the lobes become more 
deeply channelled instead of being 
turned under. The Egyptian cotton at 
Nanking was nearly defoliated by the 
black-arm or angular leaf-spot disease, 
which also attacked the young involucral 
bracts. so that only a few bolls de- 
veloped. This was in striking contrast 
with the Sea Island cotton in the next 
row, which remained vigorous and leaty 
and developed a good crop of bolls, 
though only a few were open at the end 
of October when frost was expected. 
The Upland cottons -were less affected 
by angular leaf-spot than the Egyptian. 
though more than the Sea _ Island, 
while the Chinese cotton seemed not to 
be attacked. 

DEVELOPMENT OF IMMUNITY BY 

SELECTION 

A disorder that cripples the plants 

and distorts the leaves undoubtedly 
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A LONE STAR COTTON PLANT 


This plant, at Nanking, China, shows club- 
leaf in its later growth in contrast with the 
normal leaves of older growth. (Fig. 8.) 


must increase the difficulty of selection 
and roguing, which are necessary to 
develop and maintain pure stocks of 
seed, but a possibility of developing 
immune varieties of the Chinese cotton 
is indicated by individual differences 
of reaction to the disorder that were 
noted in many cases. At Nanking a 
Chinese variety with red leaves showed 
much less reduction and distortion of 
foliage and grew to twice the size of 
the neighboring green-leaved — plants. 
Another Chinese selection with very 
pale foliage and small white, unspotted 
flowers that did not open widely, 
showed a very extreme form of club- 
leaf injury. On the other hand a na- 
tive grower east of Nanking consi- 
dered a “purple-stem” strain of the 
narrow-leaved ‘“‘chicken-foot” cotton 
more susceptible to the “wilt” than a 
“oreen-stem” form. At the Wuchang 
Experiment Station many plants of a 
slender, hairy, Indian variety did not 
appear to be affected at all by club- 
leaf, although the neighboring rows of 
Chinese cotton were very badly injured. 
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CLUB-LEAF IN: DURANGO COTTON AT NANCHANG, CHINA 
This shows that the general effect of the disorder is the same in Upland cotton as 
| in the Chinese cotton, producing restricted growth, abnormal branching, shortened 
internodes and petioles, and rolling of the lobes, the last usually more pronounced 
than in the Chinese cotton. Natural size. (Fig. 9.) 
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POSSIBILITIES OF CONTROL 


Though of a nature entirely different 
from boll-weevil injury, the club-leaf 
disorder may have a similarity in rela- 
tion to control measures, in that early 
setting of a crop may offer the best 
possibility of avoiding injury, supposing 
that insects are responsible for the 
transmission of the disorder. To be rid 
of insects in China may be as 1mpos- 
sible as to exterminate the boll-weevil 
in the United States. Upland cotton 
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may have an advantage over the 
Chinese in the larger size of the bolls 
which may allow a larger crop to 
be set before the disease becomes in- 
jurious. Restricting the growth of the 
plants to insure early fruiting would 
be in order, but the usual Chinese meth- 
ods do not produce large plants. An 
advantage in early fruiting seemed to 
have been gained in the vicinity of 
Nanking by planting cotton on high 
beds, which is supposed to warm the 


ground earlier in the spring. 


Eugenics in Germany 


A prize of 1,000 marks ts offered by 
the German Medical Society for Sexual 
Science and Eugenics to the writer of 
the best thesis on the question, “Ila: 
man two kinds of spermatozoa?” 

It is generally assumed by geneticists 
that the question is to be answered atf- 
firmatively. This assumption is based 
on results of experimental breeding, 
which are most satisfactorily interpreted 
by such a hypothesis. Cytologists, how- 
ever, have not yet been able to offer 
satisfactory evidence from their micro- 
scopical studies to confirm the hypo- 
thesis. 


The German society, which is now in 
its eighth vear, publishes the Archiv 
fur Frauenkunde und Eugenetik, which 
Is now in its fifth volume. 

At the meeting of January 16, 1920. 
Dr. Posner was elected president. The 
other ofheers chosen were: Dr. Franz. 
first vice-president; Dr. Bloch, 
second vice-president; Dr. Max [Hirsch 
first secretary; Dr. S. Plaezek, second 
secretary; Dr. Otto Adler, treasurer: 
Dr. Blaschko, Dr. Grotjahn, Dr. 1/1. 
Koerber and Dr. Stabel, directors. 

The headquarters of the society are 
in Berlin W. 30, Motzstrasse 34. 


Lock’s Last Work 


RECENT PROCESS IN THE 
VARIATION, HEREDITY, AND EVOLU- 
TION, by R. If. Lock, Se. D. New 
(4th) ed., revised by L. Doncaster, 
Sc. D., F. R. S. Pp. 336, with 
glossary and illus. New York: E. P. 
Dutton & Co., 1916. 


Dr. Lock published the first edition 
of his book in 1906. The second and 
third editions were his own revision; 
the fourth shows only slight changes, 
which are due to Dr. Doncaster. <A 
sketch of Dr. Lock’s life, by his wife, 
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has been added to good advantage. The 
author gave up his life as a result of 
devotion to war service with the Board 
of Agriculture in England, in 1915, at 
the untimely age of 36. Most of his 
active years were spent at the Royal 
Botanic Gardens in Peradeniya, Ceylon, 
where he did useful work on rubber 
and rice particularly. The book is nec- 
essarily considerably out of date, yet it 
offers in many respects excellent 
account for beginners in the study of 
organic evolution.—P. P. 
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HERITABLE CHARACTERS MAIZE 
BRACHYTIC CULMS 


J. H. KemMpron 


Bureau of Plant Industry, Washington, D. C. 


HIS variation consists of a short- 
ening of the internodes on the 
main culm and lateral branches 
without a corresponding reduc- 
tion in number or in the number and 
size of other organs. It arose in 1917 in 
the second generation of the Chinese- 
Algerian hybrid designated Dh410'. 
This second generation was _ being 
grown from self-pollinated seeds. Ap- 
proximately one-quarter of the plants 


were brachytic, the actual number 
heing five brachytic twenty-one 


normal. One of the five brachytic 
plants was self-pollinated, and the re- 
sulting progeny were all brachytic. The 
progeny of a normal sister plant were 
all of normal stature. Statistical data 
secured for several characters in both 
the normal brachytie progenies 
are given in Table I. It will be seen 
from the table that the brachytic strain 
exceeds the normal in the diameter of 
the culm and the total number of nodes, 
while the size of the leaves is about 
the same. The upper ear 1s somewhat 
smaller in length, but this is apparently 
compensated for by the additional ears 
as the total ear length is approximately 
the same in the two strains. 

Eleven hand-pollinated ears were ob- 
tained from the brachytic plants that 
were the result either of self-pollina- 
tions or crosses between sister plants. 
The progenies of these eleven ears with- 
out exception produced nothing but 


brachytic plants. These plants differed 
only superficially their general 
dimensions from the parental brachytic 
progeny, their mean height being 8.8 
decimeters. When crossed with plants 
of normal stature the first generation is 
as tall or taller than the normal parent, 
and in the second generation both nor- 
mal and brachytic plants were secured 
in the familiar 3 to 1 Mendelain propor- 
tion. 

brachytic variations are found in 
many agricultural species, as, for ex- 
ample, the “bush” varieties of peas, 
beans, squashes and tomatoes, and are 
popularly known as dwarfs. Cook? 
has pointed out a distinction between 
dwarfs which have suffered a_ reduc- 
tion in the size and number of many 
organs and those in which stature only 
is reduced. The designation brachytic 
has been suggested for the type where 
the internodes have failed to elongate. 

Dwarfing involving brachysm and 
also true dwarfing or nanism is a varia- 
tion which recurs in maize in widely 
divergent and wholly independent 
stocks. The instances, however, where 
brachysm alone is involved are not 
numerous. Hartley? apparently pos- 
sessed a true breeding brachytic strain, 
although it would seem that the leaves 
were somewhat shorter and broader than 
those of normal plants and Gernert' 
describes a single brachytic plant. 


‘Kempton, J. H.. “Inheritance of Spotted Aleurone Color in Hybrids of Chine-e Maize.” 


Genetics, Vol. 4. May, 1919. 
Agric., 1912. 


sion.” 


Champaign, 1912. 


srachysm—A Heredity Deformity of Cotton and Other Plants.” Journal 
of Research, Vol. 3, No. 5, February 15, 1915. 
’ Hartley, C. P., “Improvement of Corn by Seed Selection.” 


Year-book, U. S. Dept. 


*Gernert, W. B.. “The Analysis of Characters in Corn and their Behavior in Transmis- 
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BRACHY TIC AND NORMAL MAIZE PLANTS 


A brachytic plant is distinguished from an ordinary dwarf in that it is reduced in stature 
only, while in the dwarf all of the organs have been diminished in size. A brachytic 
maize plant 1s shown at the left compared to a normal plant at the right. The brachvtic 
plant arose In the second generation of a hybrid and when self pollinated bred true. 
It equalled the tall plant in leaf area and produced two more nodes. (Fig. 10.) 
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BRACHYTIC AND NORMAL MAIZE PLANTS WITH LEAVES REMOVED 


Another view of the same plants shown in Fig. 10. The leaves have been removed to 


show the character of the internodes. Brachytic plants are unusually well adapted for 
harvesting with hogs. (Fig. 11.) 
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NORMAL AND BRACHYTIC MAIZE STALKS 


Showing the internodes just above the str ace of the ground. Note that while in the 
brachytic stalk six internodes have been ‘‘compressed”’ into the space normally oc- 
cupied by one and a half, the thickness of the stalk has not been diminished at all in 
the process. With short internodes, more nodes produce roots below the surface of 
the ground. Photograph natural size. (Fig. 12.) 
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TABLE I.—Measurements of Plants of Two Sister Progenies One of Which Was Brachytic, the 


Other Normal in Stature. 


Height of plant in decimeters..............-.. 


Number of leaves above the ear 


Number of branches in the tassel... . 
Length of the upper ear in cm 
Total ear length cm 
Number of rows on upper ear 


Width of fourth leaf 


In our experiments two other 
brachytic variations have appeared. 
ne of these arose in a hybrid having 
as one parent the Chinese wax- 
variety, while the other arose in the 
progeny of the hairy Esperanza 
variety.° Both of these variations were 
similar in appearance to the brachytic 
type just discussed. In heredity, how- 
ever, they were very dissimilar. 

The brachytic Esperanza plant was 
not self-pollinated but was crossed with 
a normal plant of the Chinese waxy 
variety. The first generation plants 
exceeded in height the normal Esperanza 
plants and in the second generation 
showed only the normal frequency dis- 
tributions with respect to height. 


Diameter of Culm in 16th inches.............. 


Brachytic Normal 


8 .66+0.10 14.40+0.24 
3.20+0.08 3.37 +0.09 
22.90 +=0.19 20.80+0.27 


0.06+0.02 0.58+0.13 


15.30+0.64 25 .90+1.01 
14.20+0.27 16 .40+0.23 
27 .60+0.98 28.10+0.71 
16.30+0.26 21.20+0.30 


62.60+6.20  64.40+8.90 
9.20#1.40 | 12.30+1.50 


The other brachytic variation, also 
contrary to the usual behavior, did not 
breed true when self-pollinated, but 
some  brachytic plants were again 
secured. 

The strain breeding true for brachy- 
tic culms is of interest in that it is as- 
sociated with few or none of the un- 
desirable features which commonly 
accompany such variations and may 
therefore be of some agricultural value. 
This strain would also seem to provide 
one more true breeding simple Men- 
delian character with which to test the 
linear arrangement of factors. A stock 
of seed has been obtained, and small 
samples will be furnished to those who 


may wish to experiment further with 
this variation. 


MeENDELISM, by Reginald Crundell 
Punnett, F. R. S. Pp. 219, Illus. 
Fifth ed. London: Macmillan & 
Co., Ltd., 1919. 


For nearly fifteen years Punnett’s 
Mendelism has enjoyed a well-deserved 
popularity, because of its simple and 
readable account of the elements of 
genetics. It has been translated into 
German, Swedish, Russian and Japan- 
ese; and it has now been issued with 
additions calculated to bring it up to 
date, the last [english edition having 
been put out in 1912. 


‘Collins, G. N., “Correlated Characters in Maize Breeding.” 


Vol. vi, No. 12, June 19, 1916. 


By American standards, however, it 
is far from up to date, for Professor 
Punnett is not willing to accept the 
conclusions which American geneticists 
draw from the work that has been 
done here during the last decade. He 
clings to a terminology that in the 
United States is confusing because 
obsolete, and to conceptions that in the 
United States were long ago discarded. 

english conservatism is doubtless 
useful in science; but in this case it 
has prevented a well-written book from 
being of much use to American stu- 
dents.—P. P. 


Journal Agric. Research. 
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SWINE, SHEEP AND GOATS 


THE ORIENT 


Important Factors in the Animal Industries of China Which Show Need for the 
Application of Modern Principles of Animal Breeding—Average Village 
Farmer Knows Little About Proper Feeding and Selection of Best Types 


LEVINE 


lysociate. Professor of Animal Husbandry, Canton Christian College 


N CELINA the swine industry is next 
to that of raising poul 
try. li ais difficult to ascertaim the 
number of pigs ratsed each year im 

that country, and all estimates are little 
more than rough guesses. Prot, Wing, 
his interesting book, “Farmers of 
leorty Centuries,” estimates the number 
of pigs in Shantung at 25,000,000, a 
number equal to one for cach inhabitant 
in that province. conservative esti 
mate of pigs raised annually m= China 
would be LOO,000,000. At the low price 
ot S12 (Mex.)' each, which the 
amount received for the average pig 
sold on the market, the annual pig crop 
would have a value of S1.200,000 000 
(Mex.). During the vears from 1915 
to 1917 the average annual exports of 
swine exceeded the imports the 
amount of 2,000,000 taels.2) Most of the 
hogs exported were sent to Kongkong 
and to Russia. A large number ot 
those sent to -Llongkong are butchered 
and converted ito lard, which is then 
shipped to Liverpool. 

The exportation of bristles, aby, 
product of the swine industry, is of con- 
siderable importance, the amount of this 
product from Shantung province alone 
amounting to about 500,000 pounds a 
vear. ‘The prices paid by exporters for 
cleaned, sorted and dried bristles varie 
from $20 to $220 (Mex.) for 100 
pounds. 


DESCRIPTION OF CHIITINESE LARD TLOGS 


Hogs in different parts of China vary 
considerably in size and type. The com- 


mon lard hog is found in most places of 
the South. ‘They range in color from 
nearly white to black, or black wit) 
white points. some localities the 
pigs’ ears are large and pendulent, while 
in others they are small and erect 
Then again, these two types may be 
found in the same community. 

\ peculiar characteristic of the lard 
hogs of China is their straight tats. 
They do not have the “kink” which 1s 
characteristic of the tails in) modern 
breeds. It is this hog that-was largely 
used in the early development of [turo- 
pean breeds. ‘The meat is of good qual- 
ity and cures fairly well. As a rule the 
hogs are ftine-boned and smooth; those 
with wrinkled sides are seldom seen. 
They are slow in maturing. ‘Twelve 
hogs at the Canton Christian College in 
1917 made an average gain, at six 
months of age, of about 0.65 of a pound 
a day on full feed. When one year 
old they usually weigh from 200 to 250 
pounds. ‘The average dressing per cent 
of thirty-two hogs butchered at the Col- 
lege in 1917 and 1918 was 72.5°7. The 
chief objection to this hog is its low 
back, secant hams, large belly, low dress- 
Ing percentage, and weak pasterns, 
which easily break down in the animal 
that is being fattened. 


CHINESE METHODS OF RAISING PIGS 


Most farmers who raise hogs keep 
from one to five or six brood sows. 
The litters are large. \ sow its sup- 
posed to be able to nurse at least ten 
pigs, which seems to be the average 


1$1.40 Mex. is equal to about $1 U. S. currency. 
“With the present rate of exchange, one tael is equal to about $1 U. S. currency. 
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number in the Canton region, although 
as many as fifteen are frequently seen 
with one sow. 

During the day the sow and pigs 
roam at will in the narrow, stone streets 
of the villages, picking up what edible 
garbage they can find. Sometimes, 
however, the sow is muzzled when thus 
turned out with her family of pigs. 

Pigs are usually castrated and spayed 
when they are six to ten weeks old and 
still sucking, although animals weigh- 
ing as much as 100 pounds are some- 
times thus operated on. ‘The Chinese 
consider it just as necessary to spay 
vilts as to castrate boars. Meat from 
unspayed gilts is somewhat coarser than 
that from spayed animals, and_ better 
growth is also obtained by spaying. 

Both operations are considered art: 
and practiced only by a few experts. 
Spaying is never attempted by the 
farmer himself, and castration only 
when the services of an expert cannot 
be secured. A professional usually has 
an apprentice along to assist him. After 
a time the apprentice performs the op- 
erations himself and becomes an ex- 
pert provided he can work rapidly 
enough. The methods used are the same 
as those in western countries. Spaying, 
however, is somewhat different. 

No disinfectants are used, nor is the 
operator particular about the pig, or 
his own hands being clean. No doubt 
many of the few losses which do occur 
are due to this lack of sanitary precau- 
tion on the part of the operator, and 
because of the fact that feed is not re- 
duced either before or after the opera- 
tion. In the fall of 1918 the service of 
a local hog “veterinarian’’—if he should 
be referred to by such an honorable 
title—was secured by the College, and 
four gilts weighing about forty pounds 
each were spayed. The operator was 
allowed to use his own methods. No 
disinfectants were used, nor was the 
amount of feed reduced, either before 
or after the operation. ‘The operations 
were successful in every case. Very 
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little discomfort was shown by the pigs 


after the operation, and they did not get 
“otf feed.” 


HOG FEEDING PLANTS IN CONNECTION 
WITH DISTILLERIES 


Hog feeding plants, feeding from 100 
to 300 hogs at a time, are usually found 
in connection with rice wine distilleries. 
In Honam, south of Canton, there is a 
representative plant of this kind. This 
is a rice wine distillery, with a hog feed- 
ing plant run in connection. The writer 
last visited the plant on November 2, 
1918. At that time about 200 hogs 
were being fed, which was the full 
capacity of the plant. No brood sows 
are kept, but pigs weighing about 50 
catties® are purchased from the village 
farmers. Brewer's grains from the dis- 
tillery form the largest part of the ra- 
tion fed, although some rice chop and 
wheat bran is also fed. About 600 
catties of dry feed are required in this 
plant to make 100 catties of gain in 
weight. The hogs are fed for from 200 
to 250 days, and, when sold, weigh 
from 140 to 200 catties. The size of the 
hogs when sold and the length of the 
feeding period depend on the individual 
hogs and on the market prices and de- 
mands. 

The price paid for rice chop varies 
from $3.00 to $4.00 (local silver *) for 
100 catties. Brewer’s grains sell for 
40 cents for 100 catties. Manure from 
the plant sells for 30 cents for 100 
catties. The price received for the 
hogs on the market is variable. The 
average price during the years from 
1916 to 1918 was $20.00 (local silver ) 
for 100 catties, varying from $16.00 to 
$24.00. The prices paid for market 
hogs depend on the size, condition, and 
the demand at different seasons. Hogs 
weighing about 150 catties usually bring 
the best prices; and the prices are 
usually higher during the winter than 
at other times of the year. Stags and 
sows, even when fat and in good condi- 
tion sell for about three-fourths the 


8A catty, the common unit of weight in China, is equal to 1 1/3 pounds avoirdupois. 
4During past two years about $1.30 local silver has equalled $1 U. S. currency. 
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A TYPICAL CHINESE LARD HOG 


Chinese hogs vary a great deal in type according to the part of the country from which they 


come, 
a year old is from 200 to 250 pounds. 


price of good barrows and spayed gilts. 
Unspayed gilts also sell at a cut price. 
The hogs in the plant described above 
are kept in a brick building across the 
street from the brewery. They are all 
kept in one room, about 30 feet wide 
and 80 feet long. Pens are arranged 
along the sides of the room with an 
alley about 6 feet wide in the center. 
These pens are 12 feet square, and 


each contains from ten to fourteen 
hogs. A pen of hogs usually represents 


one litter. The floor of the entire room 
is paved with brick tile, sloping from 
the pens to the alley-way, on either side 
of which is a gutter. The floor is 
kept very clean, being washed twice a 
day, and the pigs themselves get washed 
in the process of washing out the pens. 
The solid manure is cleaned from the 
pens before each washing and stored in 


The straight tail is one of their peculiar characteristics. 
(Fig. 14.) 


The usual weight when 


a brick and concrete tank at the end of 
the room where it remains until it is re- 
moved by buyers. 


THE FEED OF VILLAGE PIGS 


Three times a day the village sow and 
pigs are fed a mixture of a cheap grade 
of rice chop and rice bran, and some- 
times wheat bran, about the proportion 
of half and half. Wheat bran is con- 
sidered a better feed than rice bran, 
but it is usually higher in price. In 
the vicinity of breweries, brewer's grain, 
a by-product of the rice wine industry, 
forms a part of the ration. Vegetables 
and green cut grasses are fed. The rice 
is always fed cooked. Other kinds of 
feed are uncooked. In regions where 
corn is as available and cheap as rice, 
it furnishes the main fattening part of 
the ration. At night the hogs are kept 
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A CHINESE HOG ON ITS WAY TO MARKET 


in a room, which is usually next to the 
owner's living quarters. The floor is 
usually paved with tile or brick. Some- 
times a corner of the living rooms 1s 
fenced off for the sow and her family. 
The floor is usually kept very clean. 

Irom the time they begin to eat, the 
pigs are given all their feed in the form 
of a very wet swill. Three times a day 
they are allowed to drink all they can 
hold of this feed, which permanently 
enlarges the belly and tends to pull the 
animals down in the back. By proper 
feeding and intelligent selection of 
breeding stock of the best type, these 
two undesirable characteristics, sway- 
back and pot-belly, could be remedied. 

The average hog in China 1s raised 
on as clean food as the hog in America 
is. It is not a scavenger like the native 
hogs in India and the Philippine 
Islands, and it is fairly free from dis- 
eases, except for hog cholera, which 1s 
very prevalent. 


FRESH MEAT AND “WATERED MEAT” 


About 1,000 hogs are killed every day 
in the small Canton butcher shops. The 
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(Fig. 15.) 


hogs are butchered early in the morn- 
ing in small slaughter houses and de- 
livered immediately to the retail shops. 
In some shops the hogs are butchered 
in the rear of the retail store, which 
opens directly on the street. 

Dishonest butchers who do not mind 
putting their reputation at stake have 
an interesting method of injecting water 
into the hogs just after they have been 
killed and bled. The water is forced 
in through the vena cava. The carcass 
of a hog may be increased in weight 
by several pounds by thus “watering” 
the meat. It is difficult to detect such 
meat until it 1s eaten. It has a po»: 
flavor compared with normal meat an | 
will not cure well. This practice is s» 
general that it 1s difficult to secure pork 
in Canton which has not been thus 
treated. 


HOG CHOLERA IN CILINA 


Among the diseases of swine, hog 
cholera, known in England as swine 
plague, and common in all parts of the 
world where pigs are raised, 1s prevalent 
in all parts of China, where it 1s known 
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IN A CHINESE VILLAGE STREET 


‘During the day the sow and pigs roam at will in the narrow stone streets of the villages 


picking up what edible garbage they can find. 
when thus turned out with her family of pigs.”’ 


as Chue Waan. During the months 
of March, April, and May, it 1s 
most prevalent in the south of China. 
In the delta region of Canton about 40% 
of the spring pigs die each year or are 
marketed because of this widespread 
disease. The farmers recognize tlie 
disease by the characteristic deep red 
or reddish-purple spots on the abdomen, 
gummy eyes, spotted kidneys, and in- 
Hamed intestines, which are the com- 
ion symptoms in this region. It 1: 
usually accompanied by a high fever. 
‘The Chinese have learned by expert- 
ence that there is no cure for the 
disease, and know that it is very in- 
fectious. It usually proves fatal. Ex- 
perienced veterinarians, and laboratories 
for the production of vaccine for the 
prevention of the disease, are badly 
needed. 

Keeping brood sows to an extreme 
old age, or until they become sterile, 1s 
probably the salvation of the hog in- 
dustry in China. . Such sows have either 
had mild attacks of cholera when young 


Sometimes, however, the sow is muzzled 
(Fig. 16.) 


and have become immune or are highly 
resistant to the disease, for, according 
to village farmers, very seldom does a 
sow more than 3 years old get the dis- 
ease. lurther study is necessary to de- 
termine the extent of this natural or 
acquired immunity. Evidently it 1s 
quite common, as none of the old sows 
observed in the villages surrounding 
Canton, where cholera rages nearly 
every year, have any of the appearance ; 
common to hogs that have recovered 
from a severe case of cholera. 


TUBERCULOSIS AND VARASITES 


Tuberculosis, a disease quite common 
among hogs and other livestock in 
America and Europe, gives very little 
trouble to native livestock of southern 
China. According to Dr. A. Gibson, 
who has been the Colonial Veterinarian 
of Hongkong for thirteen years, and 
who has examined the carcasses of 
thousands of hogs in the governinent 
slaughter house, tuberculosis in Chin- 
ese hogs is very rare; in cases that have 
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A FAT-TAILED SHEEP 
This breed of sheep is common in all parts of northern China. The large tail characteristic 
of this variety contains a very considerable amount of fat and thus the breed has been called 
the fat-tailed sheep. In arid regions, when food is not plentiful enough, the fat in the tail 
is drawn on to supply nourishment for the rest of the body. (Fig. 17.) 


been observed, they are invariably the 
animals that have been closely housed 
with the European hogs. This freedom 
from disease is indeed fortunate, for 
tuberculosis is one of the few diseases 
in animals which we dread, not only 
because of the effect of the disease on 
the animal itself, but because of the 
possibility of its being transmitted to 
man. 

Fewer internal parasites are common 
in the native hogs than one would ex- 
pect. A number of tapeworm cysts 
have been found in nearly every hog we 
have butchered at the college during 
the past three years, but, according to 
Prof. Howard of the Biology Depart- 
ment of the Canton Christian College, 
they are not the cysts of the tapeworm 
that is found in man. Dr. Gibson also 
reports he has not yet found the cyst of 
the human tapeworm in the native hog. 
Here again we are fortunate, and great 
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care should be taken not to introduce 
this parasite from other regions. 

Kidney worms and_ liver flukes, 
usually common in hogs, have not been 
found in the hogs of southern China. 
A skin disease in the form of a pox 
is very common. It, however, does not 
seem to be a serious disease. With the 
exception of cholera, the native hog in 
South China is, as a whole, a_ fairly 
healthy animal. 


YUNNAN HOGS 


In the hilly and wooded regions of 
the western provinces of Yunnan and 
Szechwan the type of hog chiefly 
raised is the bacon hog. ‘This type pro- 
duces a good meat for curing. Accord- 
ing to Dr. Gibson, attempts so far to 
raise this hog in Hongkong have 
shown that it cannot compete with the 
common lard hog in the efficiency of 
utilizing feed. However, if allowed to 
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NATIVE GOATS IN SOUTH CHINA 


Goats are raised in China for meat only. Swiss and Indian breeds of milk goats have been 
introduced into some of the provinces but not to any great extent. (Fig. 18.) 


graze, as in Yunnan and Szechwan, it 
might make a better showing in south- 
ern China. The Yunnan ham, found in 
the Canton and Hongkong shops, and in 
other parts of China, and exported to 
the Philippine Islands, is well known 
in all parts of China because of its ex- 
cellent qualities. 


BREEDING OF SWINE 


One has only to study the breeding 
stock in the villages about Canton to 
realize that the average village farmer 
knows very little about the breeding of 
animals. Some of the sows are fairly 
good, but the boars are usually very in- 
ferior. About the only good thing that 
can be said about the boars 1s that they 
are sure breeders, and very prolific. 
The prevalent idea is that any animal is 
good enough for breeding. Often the 
poorest male is reserved for stud pur- 


poses. From the time he is weaned he 
is kept tied with a sort of rope harness 
fitted around his neck and chest. He 
is lead about from village to village by 
his owner. On Honam Island, across 
the river from Canton, one boar is used 
for from 200 to 300 sows. The boars 
are always undersized, thin, gaunt and 
weak looking, but they are unusually 
gentle and do not have the vicious tem- 
perament so commonly seen in boars of 
improved modern breeds. 


MODERN BREEDS OF HOGS IN CHINA 


Modern breeds of hogs have not yet 
been introduced into China to any ex- 
tent. The Hongkong Dairy Farm has 
done considerable experimenting with 
different breeds, and now uses the 
Midyorkshire hog of England almost 
exclusively, both pure and in crossing 
with the native hogs. The farmer usually 
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has on hand from 600 to 900 of this 
breed of hogs. The Berkshire hog, an 
English breed whose early development 
was brought about largely through the 
use of Chinese and Siamese blooded 
stock, may prove a_ success in this 
climate, as it has done in the Philippine 
Islands, where most breeds up to the 
present have been little more than 
failures, due largely to the readiness 
with which they succumb to the kidney 
worm. ‘The Berkshire hogs seem to 
be able to resist the kidney worm better 
than any other of the modern breeds. 
[lowever, as the kidney worm does not 
seem to be common in China, other 
breeds may also prove a success. 


CHINESE SHEEP AND GOATS 


Sheep.—Sheep of the fat-tailed, horn- 
less variety which is supposed to have 
eriginated in Afghanistan, are found 
in nearly all parts of northern China, 
especially in the provinces of Shantuny 
and Chihh. These sheep are so named 
because of their large tail which carries 
a large amount of fat. The tail is 
usually 8 to 10 inches long, 6 inches 
wide, and 3 inches thick. It serves as 
a store for food, and in seasons of 
drought and scarcity of teed the fat 
contained in the tail is used up in the 
body. It is said that after a few genera- 
tions of rich feeding in lands where 
nourishing feed is more available, the 
size of the tail gradually diminishes, 
approaching the size common to other 
breeds of sheep. 

The fat-tailed sheep produce fair wool, 
though it is inferior in both quantity 
and quality when compared with that of 
modern breeds of wool sheep. Accord- 
ing to the Japanese investigators in 1916 
the annual amount of wool produced in 
Shantung amounts to 39,000,000 
pounds. Most of the wool produced in 
this region is sold to Japan at about 20 


5A picul equals 133 1/3 pounds. 


taels a picul’, the annual sales amount- 
ing to 6,000,000 taels. The Japanese 
use most of the wool for making cloth- 
ing for the soldiers. It is. estimated 
that each sheep will yield inf one year 
with two shearings four catties of wool. 
At this rate the total number of sheep 
in Shantung must be at least 7,500,000. 
The customs authorities give a value of 
5 taels a head for sheep. The mature 
sheep alone in Shantung at this rate 
have an annual value of 35,000,000 
taels. 

Goats—The native black and white 
goat of China 1s raised for meat 
only. In Shantung a Swiss breed of 
milk goats, known as the Saanen goat, 
has been introduced by the; Germans. 
and seems to thrive well in that region. 
Indians have brought with them to 
Hongkong an Indian breed of milk goat 
which is doing well in that region. 


SHEEP AND GOATS IN SOUTHERN CHINA 


Canton imports from the north 8,000 
fat-tail sheep, and 4,000 meat goats for 
slaughter each year, or at the rate of 
thirtv a day. Hongkong also imports in 
large numbers from the north. Goats of 
the meat breed are raised to a small 
extent in South China, but no sheep 
are raised in the southern provinces. 
Dr. Adam Gibson, reports that attempts 
to raise sheep in the south have failed 
because of the readiness with which 
they become infested with the liver 
fluke. Goats butchered at the college in 
1917 by the writer were found to be 
badly infested with this parasite, but 
evidently the affect on goats 1s not as 
serious as with sheep. 
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INBREEDING AND OUTBREEDING 


Review of the Evidence by East and Jones Shows that the Influence of these 
Factors Depends Wholly on the Inherited Traits Present 


PAUL 


POPENOE 


IW phases of genetics have in the 
past been surrounded with more 
superstition and ignorance than 
inbreeding, and few phases have 

been more thoroughly cleared up by 
experimental breeding during recent 
years. A comprehensive book on the 
subject is therefore timely, and Dr. 
Kast and Dr. Jones are well qualified 
to assemble and weigh the evidence on 
the subject, for they themselves have 
provided some of the best of it.’ 

The importance of an understanding 
of inbreeding and outbreeding is by no 
means limited'to the plant-breeders and 
animal husbandmen. ‘The authors 
suggest three questions which will show 
what important sociological bearings 
exist: 

1. Do marriages between near rela- 
tives, wholly by reason of their consan- 
guinity, regardless of the inheritance 
received, affect the offspring adversely ? 

2. Are consanguineous Marriages 
harmful through the operation of the 
laws of heredity? 

3. Are hereditary differences in the 
human race transmitted in such a man- 
ner as to make matings between mark- 
edly different peoples desirable or un- 
desirable, either from the standpoint 
of the civic worth of the individual, or 
of the stamina of the population as a 
whole? 

After discussing briefly the question 
of reproduction and the mechanism of 
heredity, the authors turn to a consid- 
eration of the experiments on which 
modern ideas of inbreeding and out- 


\“Tnbreeding and Outbreeding: 


breeding are based. ‘These experiments 
are well known to readers of the 
JOURNAL OF HEREDITY and need not be 
rehearsed, Some of them have lasted 
for nearly fifteen years of the closest 
possible inbreeding, the most valuable 
data being derived from maize, rats and 
guinea-pigs. 


IS INBREEDING INJURIOUS? 


lew students will differ from the 
authors when they conclude that “in- 
breeding has but one demonstrable 
effect on organisms subjected to its 
action—the isolation of homozygous 
tvpes. The diversity of the resulting 
types depends directly upon the number 
of heterozygous hereditary factors pres- 
ent in the individuals with which the 
process is begun; it is likely, therefore, 
to vary directly with the amount of 
cross-breeding experienced by their 
unmediate ancestors. The rapidity of 
the isolation of homozygous types 1s a 
function of the intensity of the inbreed- 
ing.” 

“Are, then, the immediate results of 
inbreeding sometimes injurious? In 
naturally cross-fertilized organisms they 
most emphatically are—nay, more, even 
disastrous—when we recall the reduc- 
tion to over one-half or one-third in 
production in grain and a corresponding 
decrease in size of plant and rate of 
growth in maize. But maize is prob- 
ably an extreme case. With other 
organisms the results are not so bad, 
and in some cases, especially when 
selection has been made, no evil effects 


Their genetic and sociological significance,” by Edward 


M. East. Ph.D., Harvard University, Bussey Institution, and Donald F. Jones, D.Sc., 


Connecticut Agricultural Experimental Station. Pp. 285, with 46 illus. Monographs on Ex- 
perimental Biology, J. B. Lippincott Co., Philadelphia and London, 1919, Price, $2.50 net. 
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are apparent, In fact, there may be an 
actual improvement. But the truth is, 
we did not set out to answer that ques- 
tion. It had already received a correct 
answer. What we undertook to inquire 
was whether inbreeding is injurious 
merely by reason of the consanguinity. 
We answer, “No!” The only injury 
proceeding from inbreeding comes from 
the inheritance received. The constitu- 
tion of the individuals resulting from a 
process of inbreeding depends upon the 
chance allotment of characters pre-ex- 
isting in the stock before inbreeding 
was commenced. If undesirable char- 
acters are shown after inbreeding, it is 
only because they already existed in the 
stock and were able to persist for gen- 
erations under the protection of more 
favorable characters which dominated 
them and kept them from sight, The 
powerful hand of natural selection was 
thus staved until inbreeding tore aside 
the mask and the unfavorable charac- 
ters were shown up in all their weak- 
ness, to stand or fall on their own 
merits. 


INBREEDING AS A MEANS OF IM- 
PROVEMENT 


“Tf evil is brought to light, inbreeding 
is no more to be blamed than the detec- 
tive who unearths a crime. Instead of 
being condemned it should be com- 
mended. After continued inbreeding 
a crossbred stock has been purified and 
rid of abnormalities, monstrosities, and 
serious weaknesses of all kinds. Only 
those characters can remain which 
either are favorable or at least are not 
definitely harmful to the organism. 
Those characters which have survived 
this ‘dav of judgment’ can now be estt- 
mated according to their true worth. 
As we shall see later, vigor can be 
restored immediately by crossing, Not 
only is the full vigor of the original 
stock restored, but it may even be in- 
creased, due to the elimination of many 
unfavorable characters. If this in- 
creased vigor can be utilized in the first 
generation, or if it can be fixed so that 
it is not lost in succeeding generations, 
then inbreeding is not only not inju- 
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rious, but is highly beneficial. As an 
actual means of plant and animal im- 
provement, therefore, it should be given 
its rightful valuation.” 

Hleterosis or hybrid vigor has already 
been alluded to, What is its explana- 
tion? Evidently, since it is the reverse 
of inbreeding, it merely means a stimu- 
lation due to the presence and comple- 
mentary action of dominant factors. 

After a brief discussion of. sterility, 
and of the role of inbreeding and out- 
breeding in evolution and breed- 
improvement, the authors pass on to 
man—a subject with which they show 
less familiarity, although their general 
conclusions are for the most part 
sounder than their illustrations. 

After describing some of the strains 
of degenerates which have practiced 
inbreeding, and also mentioning the 
Athenians of the Golden Age, whose 
superiority they believe to have been 
largely due to inbreeding, they con- 
clude: 

“Owing to the existence of serious 
recessive traits there 1s objection to in- 
discriminate, irrational, intensive in- 
breeding in man; yet inbreeding is the 
surest means of establishing families 
which as a whole are of high value to 
the community. On the other hand, 
owing to the complex nature of the 
mental traits of the highest type, the 
brightest examples of inherent mental 
ability have come and will come from 
chance mating in the general popula- 
tion, the common people so called, be- 
cause of the variability there existent.” 
The latter proposition is not supported 
by adequate evidence, and it is doubt- 
ful whether the authors could support 
it if they tried. 


POPULATION AND FOOD SUPPLY FORC- 
ING RACIAL COMBINATIONS 


Turning to  cross-breeding, the 
authors discuss “the intermingling of 
races and national stamina.’”’ They look 
forward to a continual increase in the 
process of racial amalgamation. 

“The truth is,” they declare, “that the 
world is approaching a population limit 
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faster even than Malthus supposed, and 
the result of applying new methods to 
field culture is merely to exploit the 
natural fertility of the soil at a higher 
rate. ‘The supposed increase the 
amount of food is illusory. In the 
United States, naturally the richest 
country on the globe, the per capita pro- 
duction of all the important meat ani- 
mals and some of the great agricultural 
crops is decreasing. 

“At present the situation is this: 
China, having reached the limit of her 
food supply, and having little or no 
foreign trade, has become stationary 1n 
population. Large portions of Iurope 
and the country of Japan have reached 
the limit of sustenance within them- 
selves, but are increasing at a rate of 
from 10 to 15 per 1,000 annually be- 
cause their commerce is such as to per- 
mit importation to supply the deficit. 
Australia and Asia are increasing at a 
rate which neither their agriculture nor 
their commerce can sustain. The 
Americas and Africa are left as the 
ereat centers of colonization. Each will 
support a large additional number of 
people, but when they have reached 
their limit—and that limit will come 
within a very few centuries, three at 
most—each country, or at least each 
continent, must support its own popula- 
tion. 

“The world faces two types of racial 
combination: one in which the races 
are so far apart as to make hybridiza- 
tion a real breaking down of the in- 
herent characteristics of each; the other, 
where fewer differences present only 
the possibility of a somewhat greater 
variability as a desirable basis for 
selection. Roughly, the former is the 
color-line problem; the latter is that of 
the White Melting Pot, faced particu- 
larly by Europe, North America and 
Australia.” 

The authors conclude that the first 
kind of crossing is undesirable, even if 
the two races are both superior, because 
it would tend “to break apart those 
compatible physical and mental qualities 
which have established a smoothly oper- 


ating whole in each race by hundreds of 
eenerations of natural selection.” It is 
still more objectionable in a cross be- 
tween two races one of which (as the 
Negro) is genetically of inferior capac- 
ity to the other (as the white). 

Vheir “second thesis is somewhat 
paradoxical. It asserts that the founda- 
tion stocks of races which have im- 
pressed civilization most deeply have 
been produced by intermingling peoples 
who through one cause or another be- 
came genetically somewhat unlike.” This 
thesis is supported by some very weak 
evidence, often little more than sup- 
position. Indeed, many of the anthro- 
pological data presented should be 
backed up by proof; what is the evi- 
dence, for example, which indicates that 
the mulatto shows “extraordinary 
physical vigor?” And the authors are 
likely to get a challenge from some son 
of Ifrin, for they state that the true 
Irish “are in the main descended from 
two savage tribes, the Iberian and the 
Turanian, both probably Mongolian ad- 
mixtures,” and that their descendents 
“have hardly a single individual merit- 
ing a rank among the great names of 
history, or a contribution to literature, 
art, or science of first magnitude.” 


A MORE CAREFUL SELECTION OF IM- 
MIGRANTS IS NECESSARY 


“To produce greatness,” the authors 
conclude, “a nation must have some 
wretchedness, for such is the law of 
Mendelian recombination: but the na- 
tion that produces wretchedness is not 
necessarily in the way of producing 
greatness. There must be racial mix- 
ture to induce variability, but these 
racial crosses must not be too wide, else 
the chances are too few and the time 
required is too great for the proper re- 
combinations making for inherent 
capacity to occur. there must 
be periods of more or less inbreeding 
following racial mixtures if there is to 
be any Ingh probability of isolating 
desirable extremes. A third essential in 
the production of racial stamina is that 
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the ingredients in the melting pot be 
sound at the beginning, for one does not 
improve the amalgam by putting in 
dross.” 


They therefore hold that the indis- 
criminate admission of alien immigrants 
to the United States should be slowed 


up. 


Eugenics in Scandinavia 


“We are going to start this month a 
weekly or monthly review under the 
title Den Nordiske Race. The review 
will be printed in Kjobenhavn and ed- 
ited from Winderen Laboratorium in 
Kristiania. ‘The time has come to or- 
ganize a work for the Nordic race, 
especially based on applied race-biologie 
or race-hygiene. Some of the best 
scientists in our Scandinavian countries 
are my fellow-workers. The review will 
be printed in the Scandinavian lan- 
euages, but will contain short transla- 
tions of the original articles into English 
or German, so that the Scandinavian 
workers will be able to come in con- 
tact with fellow-workers all the world 
over.” 

This is a portion of a letter written 
by Dr. Jon Alfred Mjoen of the Win- 
deren Laboratory, Christiana, Norway, 
to the chairman of the Eugenics Re- 
search Committee of the American 
Genetic Association, who replied as 
follows: 

“The idea of founding a journal con- 
cerned with the Nordic race should 
meet with earnest and widespread en- 
couragement. It is particularly fitting 
that such a journal should emanate 
from Scandinavia, the original home of 
this dominant race, which many waves 
of migration have carried forth to all 
parts of the world. 

‘Doubtless other races than the Nor- 
dic possess many desirable traits of 
emotion and imagination, but the far- 
flung Northern race is the only one 
that excels in practical administration 
and devotion to scientific discovery. The 


Normans were great administrators. 
They came from Scandinavia.  Prob- 
ably the ruling and noble classes among 
the Greeks, northern Italians, Spanish 
and Portuguese came from the north, 
though somewhat mixed with southern 
blood. I*or a thousand years the royal 
families of Europe have exerted great 
influence and have acted ana reacted on 
its history in an important way. The 
genealogies of these people can be 
traced through long generations, and 
these lineages lead almost without ex- 
ception directly back to the shores of 
the Baltic. 

“As regards science, both pure and 
applied, the history of science proves 
that, barring the work of the Greeks. 
original advances have been made al- 
most entirely by peoples of Nordic ori- 
gin. d€ngland, Scotland, France, Ger- 
many, Norway, Sweden, Denmark— 
all exceed their share in the production 
of men of scientific eminence. Russia, 
Ireland, Austria, Spain, Portugal, the 
salkan countries and all Eastern lands 
fall short of non-Nordic countries. 
Switzerland alone exceeds its quota. 

“If one is interested in the develop- 
ment of the world in practical adminis. 
tration, or the advancement of pure or 
applied science, one should feel not 
only a devotion towards the Great Race, 
on account of its past achievements, but 
should never cease to realize the high 
obligation towards posterity, and the 
need for preserving and forwarding its 
traditions, by understanding its past 
and expanding its future.” 
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NATURAL WHEAT-RYE 1918 


Nineteen First Generation Hybrids Found Growing in Wheat Plots on the U. S. 
Government Experimental Farm at Arlington. Vigorous Second Genera- 
tion Plants are now Being Grown from a Portion of the Seed 


CLYDE E. 


LEIGHTY 


U. S. Department of Agriculture, Washington, D. C. 


N a previous article’ [ have described 
four natural wheat-rye hybrid plants 
found in 1914. Three of these were 
found growing in the wheat plots 

on the Arlington Experiment Farm, ot 
the United States Department of Agri- 
culture, near Washington, D. C., and 
the fourth was sent me for identification 
from ‘Tennessee. In each of the three 
following years, 1915, 1916, and 1917, 
one or two plants of this unusual hy- 
brid combination were found in _ the 
wheat plots on the Arlington Farm. 
All these plants found in the four years 
were of the I, generation, and all were 
compietely sterile, with the exception ot 
one kernel on one of the plants found 
in 1915. 

In 1918, Mr. Wilham C. Eldridge and 
| found nineteen natural wheat-rye hy- 
brid plants on the Arlington Farm, and 
three were found by me in the wheat 
nursery at the Virginia Agricultural 
experiment Station, Blacksburg, Va. 
A few other such hybrid plants may 
have escaped notice on the Arlington 
farm, although all plots were carefully 
searched, and others possibly may have 
been destroyed by a laborer not familiar 
with their appearance who assisted in 
rogueing the wheat plots. 

The finding of so many of these hy- 
brids is believed to be a matter of suffi- 
cient interest to justify this record of 
their occurrence and this description of 
them. The plants are further note- 
worthy because such natural hybrids 
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of wheat and rye apparently have been 
observed very infrequently. So far 
as | am aware, no one else in this 
country has reported in pub- 
lication the finding of one of them, 
but Prof. R. R. Childs recently showed 
me such a hybrid found by him on the 
farm of the State College of Agricul- 
ture, Athens, Ga. One or more such 
natural hybrids had also been found by 
him at that place in both the years 1916 
and 1917. In my previous article | 
cited? a possible record of such a hybrid 
that had been found by Miezynskti. 
Since then | have come across the bare 
statement by H. Nilsson-Ehle*® that he 
had twice seen a spontaneous occur- 
rence of the hybrid between wheat and 
rye in two varieties of winter wheat 
which had been pollinated by winter 
rye growing near by. 


WHEAT AND RYE TESTING METHODS 
AT ARLINGTON FARM 


It has been the custom for several 
years in the variety tests of wheat and 
rye at Arlington farm to sow the dif- 
ferent varieties of rye in plots, usually 
1 rod wide and 8 rods long (1/20 ac re), 
separated 4 or 5 rods from each other. 
This method of sowing is followed in 
order to reduce the chances for cross- 
pollination between the different va- 
rieties. In ae intervening spaces be- 
tween the rye plots different varieties 
of wheat are sown, usually in fortieth- 


acre plots, being separated from each 


Amer. Soc. Agron., 7: 209-216, 1915. 


2Fruwirth, C., Die Ziichtung der landwirtschaftlichen Kulturpflanzen, Band 4, pp. xvi 


+ 460. Berlin, 1910. 


3In Beitrage zur Pflanzenzucht, p. 59. Berlin, 1913. 
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NATURAL WHEAT-RYE HYBRIDS NO. 7 AND No. 9 


In the group of four heads shown at the left, the two in the center are hybrids and the two 
on the outside are heads of the parent wheat. When found in a plot of bearded wheat the 
hybrid is bearded. Wheat-rye hybrid No. 9 is the left one of the two heads shown at the 
right of the illustration. Most wheat-rve hybrid plants of the first generation (FI) produce 
no seed but this head produced nine seeds. On the right of it ts a head of the parent wheat 
variety. The illustration is approximately two-thirds natural size. (Fig. 19.) 
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NATURAL WHEAT-RYE HYBRID NO. 13 


Two heads of the parent wheat variety are shown on the outside with two hybrid 
on the inside, the views being taken across and with the spikelets. 


heads 
| 
plot of beardless wheat the hybrid 1s beardless. 


When found in a 
Approximately natural size. (Fig. 20.) 
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other and from the rye by unsown bor- 
ders 18 inches in width. The wheat and 
rye plants growing along the common 
borders between adjoining wheat and 
rye plots thus easily may come into 
actual contact at blooming time. A few 
rye plants also usually grow among the 
wheat plants, due to volunteering of the 
rye or accidental mixing of the seed. 
These are removed before harvest, but 
after they have bloomed. Rye pollen 
is also carried by the wind for consid- 
erable distances. It is not an unusual 
sight to see such pollen being carried 
by the wind from aé_=e rye __ plot 
in a thin, dust-like cloud that can be 
followed by the eye for several hundred 
feet. There is little doubt that some of 
this rye pollen at some time or other 
may fall on every wheat plant in the ex- 
perimental plots. Many of the wheat 
and rye flowers bloom at the same time, 
the blooming periods of certain of the 
varieties of each coinciding to greater 
or less extent. There exists then, in the 
actual contact of wheat and rye plants 
and in the distribution of rye pollen by 
the wind, abundant opportunity for the 
pollination of wheat flowers by rye 
pollen. 

All of these natural wheat-rye hy- 
brids have been found growing in wheat 
plots and must have had wheat plants 
as the seed parents. No such hybrids 
have been found in rye plots, although 
I have often looked for them. Neither 
has any one, so far as | am aware, ever 
made a hybrid between these two species 
in which the rye was other than the 
pollen parent. Many hybrids have been 
made, however, with rye as the pollen 
parent. 


CHARACTERISTICS OF THE TLYBRIDS 


The hybrid plants found in 1918 are 
taller than the surrounding wheat plants. 
Even the shortest culm of a hybrid plant 
is nearly always taller than the highest 
neighboring wheat culm. This greater 
height of the hybrids facilitates their 
discov ery. But the height of the hybrids 
is less than that of rye plants, being 
about intermediate in height between 
wheat and rye. 

The hybrid heads are nearly always 
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from 1 to 3 centimeters longer than even 
the longest nearby wheat head, and the 
number of rachis nodes of the hybrids 
is usually from a fifth to a half greater 
than in the longest wheat head. The 
hybrids here again in these two respects 
appear to be intermediate between 
wheat and rye. 

When the wheat in the plot where the 
hybrid is found is awned the hybrid is 
awned; when the wheat is awnless the 
hybrid is awnless or semi-awned. All 
rye varieties are awned, so the char- 
acters found are what would be ex- 
pected in I, hybrids between wheat and 
rve. 

The chaff color of the hybrids is light 
brown in all cases where the wheat of 
the plot has brown chatf. In most cases 
it is white where that of the wheat is 
white, but in a few cases the hybrid 
heads are hight brown where the wheat 
chaff was either white or white with a 
nuxture of brown or light brown heads. 
In these few cases the chaff of either 
the wheat or rye parent may have been 
brown or brownish in color, as rve 
heads pr have chaff of a darker 
brown than that of any of the hybrids, 

The peduncle of the rye plant is usu- 
ally rough and = pubescent or hairy 
for some distance, usually an inch 
or more, below its) junction with 
the spike or head. It is also’ solid 
for about the same distance downward. 
Plants with entirely smooth peduncle 
are found occasionally, in certain va- 
rieties rather frequently. 

Common wheat has a smooth, hollow 
peduncle of greater diameter than that 
of rve. These hybrids, with the excep- 
tion of three, have the upper portions of 
the peduneles more or less roughened 
and hairy, but less so than is usual in 
rve. The three exceptions have smooth 
peduncles as in wheat. The diameter of 
the hybrid peduncles is greater than rve 
and less than or equal to wheat, while 
usually thev have thicker walls and re- 
duced cavity 1n comparison with wheat. 
In the smaller culms the peduncles may 
be solid near the head. There is usually 
strong evidence of both wheat and rye 
parentage in the peduncles of the hy- 
brids. 
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NATURAL WHEAT-RYE HYBRID NO 18 


Four hybrid heads are shown in the center with two heads of the parent wheat on the out- 


side. 
Compare this with hybrid No. 19, 
(Fig. 21.) 


\WWheat-rye hybrids are usually en- 
tirely sterile. As already stated, only 
one kernel was produced by all the 
natural hybrids found at Arlington pre- 
vious to 1918. Of the nineteen plants 
found in that year seven produced one 
or more kernels. of pro- 
duced only one, the other three pro- 
duced five, nine, and twenty-two res- 
pectively. Of the forty kernels 


When the wheat variety has rather small heads the hybrid heads are rather small. 
Reduced to approximately two-thirds natural size. 


produced, six were classed as. well- 
developed, seventeen as fairly well 
developed, and seventeen poorly 
developed, shriveled) or misshapen. 


Probably most of them will grow, for 
out of thirteen planted in the green- 
house twelve have produced plants now 
vigorously growing. 

All these kernels are the results of 
open pollinations. No attempt was made 
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to pollinate or control the pollination of of later 


any of the flowers. It is not known 
whether the seeds formed are due to 
self-fertilization or to fertilization by 
wheat or rye pollen from neighboring 
plants. 

The spikelets of the hybrid plants are 
from three to five flowered, as in wheat. 


Kve has two flowers, rarely three, to a 
spikelet. Vhe shape and size of glumes 


and lemmas, the several-nerved glumes 
with ciliate keel as found in the hybrids, 
all furnish evidence that these are in- 
deed first generation hybrids between 
wheat and rye. 

The conclusion is inevitable that the 
plants found and here described are first 
generation hybrids of wheat and rye, 
the seeds from which they grew having 
heen produced by the natural fertiliza- 
tion of wheat flowers with rye pollen. 
THE STERILITY OF WII 


SAT-RYE PLY BRIDS 


The nineteen hybrid plants found on 
Arlington farm bore about 3,500 flowers 
while only forty seeds were produced. 
About 1% of the flowers on these 
plants set seed. Hybrid No, 14 pro- 
duced twenty-two seeds, a fertility ot 
about 5% of the flowers. This percent- 
age of setting seed is considerably larger 
than in my previous natural and artifi- 
cial hybrids of wheat and rye. One ar- 
tificial and seven natural F, hybrids pre- 
viously examined bore about 1,500 flow- 
ers, yet only two seeds were produced, 
or less than a tenth of 1% of the 
possible seed production. 

Several other experimenters have re- 
ported a small amount of fertility in 
the first generation hybrids of wheat 
and rye. Carman* secured nineteen 
seeds on ten heads of such a plant, from 
which he grew large numbers of plants 


4For an account 
JourNAL or Herepity, Vol. 7: 420-427. 
5Reference to Rimpau’s 
chen Kulturpflanzen. Band 4, p. 183. Berlin, 
5Miczynski: Kosmos r, xxx Lwow. 1905. 
7Jesenko, F., Uber 
u. Vererbungslehre, 10: 311-326. 
8Nakao, M.., 
some cereals and their hybrids,” 
%Love, H. H., and Craig, W. T 
Vol. 9: 67-76. 1918. 
10McFadden, E. A. “Wheat-rye hybrids. 


1916. 


1910. 


of Carman’s wheat-rye 


hybrid is made in Fruwirth, C., 
1910. 


Getreide—Speziesbastarde (Weizen-Roggen) Zeit. 


“Small Grain Investigations.” 
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generations and finally 
duced a wheat variety probably de- 
scended from this cross. Rimpau?® har- 
vested several seeds from a first genera- 
tion, open-pollinated plant derived by 
crossing the red Saxony wheat and 
Schlanstedt rye, from which he grew 
plants of later generations. Wheat 
forms segregating out were distributed 
by him and were erown for several 
years by several persons and are prob- 
ably still grown at certain European 
experiment stations. 

Miczynski" harvested some seed from 
a first generation plant, but apparently 
Was not able to get beyond the third 
generation because of sterility. 
enko’ describes four generations de- 
scended trom certain wheat-rve hybrids 
made by him, Nakao* states that a 
“few seeds, generally one seed to a few 
cars, Were obtained from an F, hybrid, 
but he could not be certain whether 
or not they were due to fertilization 
by the pollen of the hybrid. 

Love and Craig.” in their work at 
Cornell University, have secured two 
fertile wheat-rye hybrids that have now 
been carried bevond the fourth genera- 
tion. 

MeFadden'® also reports the produc- 
tion of three seeds on an I*, wheat-rye 
hybrid plant with twenty-five heads, 
following the pollination of a few late 
spikes with wheat pollen. The plants 
of the generation winterkilled. 

There are probably others who have 
secured viable seed from [*, wheat-rye 
hybrids. Many others are known to 
have effected the hybrid between these 
species of cereals, but found the I*, en- 
tirely sterile. Irom these instances ot 
partial fertility it 1s evident that seed 
is oceasionally formed, but practically 
see article by C. E. 


hybrids Leighty, in 


Die Zuchtung landwirtschaftli- 


Citation from Fruwirth loc. cit. 


fur Induk Abs. 


“Cytological Studies on the nuclear division of the pollen mother-cells of 
Jour. of the Col. of Agri. 


Sapporo, Japan, 4: 173-190. 1911. 


JoURNAL OF HEREDITY, 


Vol. 8: 335-336, 1917. 
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The two hybrid h 


NATURAL WHEAT-RYE HYBRID NO. 19 


ads are shown in the center and the wheat heads on the outside. When 


the wheat variety has large heads the heads of the hybrid are large. Reduced to three- 
fourths natural size. (Fig. 22.) 
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always in very few of the flowers, 
Partial or entire sterility of such 
hybrids is the rule. The 1% fertility 
in the nineteen natural hybrids here 
reported, and especially the 5% fertility 
in hybrid No. 14, is believed to be un- 
usually high, 

THE FREQUENCY OF ILYBRID OCCUR- 

RENCE 

It is interesting to note here that eight 
of the nineteen hybrids here described 
were found in the practically identical 
varieties of wheat, Fulcaster and Dietz; 
four others were found in selections 
from a hybrid wheat, Crimean x Spelt, 
and three others in the Purple Straw 
variety. In only three other varieties 
were such hybrids found, although sev- 
eral hundred other varieties and strains 
were growing on the farm No reason 
for this is known, It cannot be deter- 
mined from the location of the plots or 
time of blooming the previous year that 
greater facilities for crossing occurred 
in the case of varieties in which hybrids 
were found. The Purple Straw is one 
of the first wheat varieties to bloom, 
while the Fulcaster and Dietz are about 
average in blooming time. 

The season of 1917 at Arlington 
farm seemed to be uncommonly favor- 
able for cross pollination of cereal 
varieties. In addition to these wheat- 
rve hybrids a great many cross-pollina- 
tions occurred between different varie- 
ties of wheat growing in the cereal 
nursery, as was evidenced by the num- 
ber of such hybrids found in the 
nursery there in 1918. Dr H. V. Har- 
lan, Agronomist in Charge of Barley 
Investigations, also reports the finding 
of a considerable number of I*, barley 
hybrids in his 1918 Arlington nursery. 
These were especially noticeable in a 
plot of beardless barley. 

Of the nineteen natural wheat-rye 
hybrids described in this paper eighteen 
were from seed that was grown the 
previous year on Arlington farm, 
Hybrid No. 18 was from seed that had 
been produced at the Agricultural Ex- 
periment Station, Stillwater, Okla. <A 
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head of the Malakov variety was sent 
to the Office of Cereal Investigations in 
the fall of 1917, and seeds from it were 
sown in a 5-foot row. In this row 
hybrid No. 18, shown in Fig. 21 was 
found. 

As stated above, three natural wheat- 
rye hybrids were found in the cereal 
nursery of, the Virginia Experiment 
Station at Blacksburg, Va., in 1918. 
No data were obtained on these, Mr. F. 
KX. Wolfe reporting that, on account of 
lodging, the hybrid plants could not be 
found at harvest time. 

Several natural wheat-rye hybrids 
have been found, as stated above, on 
the farm of the State College of Agri 
culture, Athens, Ga. 

In my previous article (loc, cit.) | 
reported on a hybrid sent to me from 
Brush Creek, Venn. 

Natural wheat-rve hybrids have 
occurred, then, in five different locali- 
ties of the United States. I examined 
a considerable number of wheat fields 
in which rye was mixed in New York 
State in 1918, and a few such fields in 
Kentucky, but did not find hybrids of 
wheat and rye. 

natural wheat- 
rye hybrids were found on Arlington 
farm in 1918, and three were found at 
the Virginia Agricultural Experiment 
Station. From a study of the plants 
and comparison with wheat and rye and 
with known hybrids between these 
species, 1t 1s evident that these hybrids 
are all of the first generation (I), 
They must have developed from seeds 
formed by the natural fertilization of 
wheat flowers with rve pollen. 

Iforty seeds were produced by these 
plants, approximately 1% of the flow- 
ers setting seed. Vigorous plants of the 
second generation are being grown 
from a portion of this seed, 

The natural hybridization of wheat 
and rye is now known to have occurred 
in five different localities of the United 
States—-in northern and southwestern 
Virginia, in Tennessee, in Georgia, and 
in Oklahoma. 
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WORLD-POWER AND EVOLUTION 


A Review of Dr. Ellsworth Huntington’s Evidence of how Climate has Affected 
the Development of the Human Race and Determined the Periods of 
Greatest Achievement 


PAUL POPENOE 


HE effect of changes of climate 

on human activity, not only 

physical but more particularly 

mental, is the thesis of this’ as 
of several preceding books ElIs- 
worth Huntington. 

Beginning with present-day condi- 
tions, he shows that business cycles, as 
measured by bank clearings, financial 
depressions, periods of credit expan- 
sion, and the like, correlate with the 
general conditions of health in the 
eastern United States. He measures 
health, for this purpose, by fluctuations 
in the death-rate, and then proceeds to 
show that these fluctuations correlate 
positively with changes in temperature, 
so that even a small deviation from 
the optimum temperature in_ either 
direction causes an increase of deaths. 

The most favorable conditions under 
which human beings can live, he con- 
cludes, are a mean temperature of 
64°1., for physical activity, with a good 
deal of humidity and frequent changes 
in temperature, while for mental 
activity he finds a mean of 40°F. better 
suited. 

These conclusions are based on ex- 
tensive statistical data, partly analysed 
in the book under review and partly 
in previous volumes. ‘The statistical 
methods used are somewhat crude, but 
probably the data available are not sut- 
ficiently precise to justify more refined 
treatment. Dr. Huntington has made 
out a plausible and interesting case for 
the importance of climatic changes 1n 
daily life; future and more exact 1n- 
vestigation will determine the limits. 

In his latest book, Dr. Huntington 


inquires why there is a difference be- 
tween the most favorable temperature 
for mental activity and that for physical 
activity. He explains by saying that 
these adaptations were made at differ- 
ent periods in the history of the race, 
when the air was different. 


THE IMPORTANCE OF AIR 


“Tong before man’s earliest ancestors 
had become different from the beasts 
the whole world of life had realized the 
necessity of air,” he remarks. ‘Even 
the creatures that inhabit the water can 
live only by taking from it the dissolved 
air. Otherwise the chemical activities 
which are the basis of all life come 
promptly to an end. Before these 
primitive animals could give rise to 
higher forms, however, it was neces- 
sary that they should pass through a 
series of crises. Each of these crises 
was a step forward in the estate of man. 
ach has left its impress not only upon 
the animal world but upon the human 
race. 

“A few of these crises, such as the 
development of vertebrates from in- 
vertebrates, were due to causes other 
than climate, but most arose directly 
from the conditions of the air which we 
call climate. Let us consider three of 
the chief crises. 

“The first was the emergence of the 
earliest’ vertebrates from the water. 
This was a most momentous step, for 
only in the highly varied environment 
of the land does brain power develop 
rapidly. Creatures like the seal, the 
whale, and the manatee, which have 
gone back to the water from the land, 


MV srld-Power and Evolution,” by Ellsworth Huntington, Ph. D., Research Associate 
in Geography, Yale University : author of “Civilization and Climate,” etc. Pp. 287, with 
maps, etc. Price $2.50. New Haven, Conn.: Yale University Press, 1919. 
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fall behind in the mental race, for they 
are not sufficiently stimulated. 

“The second great crisis was the 
change which caused certain forms of 
life to become warm-blooded. This not 
only enabled man’s animal ancestors to 
continue their vital activities at all sea- 
sons and in almost all parts of the 
world, but it gave rise to the close bond 
between mother and child which has 
been the greatest of all factors in pro- 
moting the higher qualities of love and 
altruism, 

“The third great crisis was the sep- 
aration of man—the two-handed, two- 
footed, big-brained creature—from his 
four-handed and smaller-brained rela- 
tives. This was the time when mental 
qualities evolved most rapidly. There- 
fore it interests us most of all because 
the conditions which fostered the evo- 
lution of our minds are those which 
today stimulate them most strongly. 

“Tt is perhaps a misnomer to speak of 
these as crises, for each of these three 
steps in evolution required a long time 
for its consummation. Yet as we look 
backward into the dim vistas of the 
past, the steps are so foreshortened that 
they appear like genuine crises. They 
are, as it were, great slopes in a ter- 
raced plain. For long periods the life 
of the world was confined to the waters. 
Then during a relatively brief period, as 
geology counts time, there came a trans- 
formation. The highest forms that in- 
habited those ancient seas—that 1s, 
the fishes—gave rise to a stock which 
left the water and made its home on 
land. Then our ancestors, for such 
they were, moved on once more across 
the vast plain, rising here and there 
over smaller terraces, until at last they 
began to climb to the warm-blooded 
condition. Another vast stretch of 
plain and minor terraces brought them 
to the final steep upward slope. At its 
base our ancestors were animals; at its 
top they were men. 


MORE PROGRESS TO COME 


“But have we yet reached the top? 
More likely we are now upon the very 
steepest part of the terrace. Hitherto 
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we have climbed upward because some 
unknown force kept driving us. Now 
we are conscious of ourselves, and are 
able to direct our movements. It is 
for us to say whether we will climb 
straight upward, or whether, like many 
of the creatures of the past, we will 
wander this way and that, and perhaps 
fail to be among the chosen few who 
finally emerge at the highest level.” 

It was the aridity of the air during 


‘the Devonian period which caused the 


development of amphibians with legs 
and lungs, Dr. Huntington surmises; 
while a second long drought in the 
Mississippian period, millions of years 
later, caused all those to perish except 
the ones that could lay their eggs on 
land and did not have to return to the 
water. Thus the reptiles were estab- 
lished and the first crisis, the transi- 
tion from water to land, had been 
weathered. 

“Not till millions of years later did 
the next great step in evolution occur. 
That step was the rise of the warm- 
blooded mammals. We do not find 
their fossil record until the time known 
as the Upper Triassic, but they must 
have originated farther back, appar- 
ently in the Permian. The date of the 
Permian Period is estimated as any- 
where from 10,000,000 to 200,000,000 
vears ago. The break between the types 
of life before and after this great crisis 
is the most profound anywhere in the 
history of evolution. It is therefore 
highly important to find that this was 
also the time of the greatest changes of 
climate. Vast glaciers descended to 
sea level within 30° of the equator. 
Perhaps at no other time during the 
evolution of man’s ancestors has there 
been such a succession of cold, stormy, 
glacial epochs alternating sharply with 
mild, interglacial epochs. 

“Tet us consider the effect of such 
climatic stress upon other forms of life 
as well as upon our ancestors. Previous 
to the Permian Period the vegetation 
of all parts of the earth’s surface, in- 
cluding even the far north, was much 
alike. In general the lands were cov- 
ered with forests, averaging perhaps 
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40 feet in height, but with some 
trees towering to 100 feet. Schuchert 
describes it as a forest of rapid growth, 
of soft and even spongy woods, in 
which evergreen trees with compara- 
tively small, needle-like leaves were 
prominent. Associated with these were 
thickets of rushes, also of very rapid 
growth, which habit resembled 
modern cane-brakes and bamboo 
thickets. Here and there stood majestic 
tree-like ferns, while many smaller 
ferns and similar plants thrived in the 
shady places or climbed among the 
trees. Flowers of a certain sort were 
sparingly present, but of insignificant 
size and unattractive color. Spores 
took the place of seeds to such a degree 
that when the trees and ferns were 
liberating them the entire forest was 
covered with a_ greenish-yellow or 
brown dust. During the Permian 
Period the sharp transitions from cold 
to warm, or from moist to dry, caused 
these ancient forests to die out. Cont- 
fers much like those of today came into 
existence. Seeds largely took the place 
of spores. These changes were accom- 
panied by a general reduction in the 
size and variety of plants, and by a 
tendency for them to become hardier 
and to have thicker and less ornate 
leaves. 


CHANGES IN ANIMAL LIFE 


“During the great climatic changes 
of the Permian, animal life suffered an 
even greater transformation than plant 
life. For example, previous to that 
time the insects had been of truly 
astonishing size. Out of the 400 forms 
known in the early and middle parts of 
the Pennsylvanian Period which pre- 
ceded the Permian, the smallest had 
wings over a third of an inch long. 
The wings of more than twenty species 
were 6 inches long, six attained to 
nearly 8 inches, and three were giants 
of 12 inches. Imagine a spore-dusted 
forest full of insects as large as crows! 
The cold and changeable climate of 
Permian times apparently caused the 
extinction of all these forms. Their 
place was taken by small species  re- 


sembling those of today. Moreover, 
the very nature of insects was pro- 
foundly modified by the introduction 
of metamorphosis. That is, where there 
had formerly been merely a gradual 
erowth from the egg to the adult, there 
was now a growth from egg to maggot 
or caterpillar, then a resting period, 
and finally a transformation from 
maggot to fly or from caterpillar to 
butterfly. At the same time the insects 
acquired the power to become dormant 
and thus persist for months at a time. 
All these changes were apparently due 
to the necessity for adapting themselves 
to sudden periods of drought or cold 
during the time of growth in summer, 
or to the necessity for enduring long, 
severe winters. Thus the climatic varia- 
bility of the Permian Period not only 
caused a remodeling of the earth’s gar- 
ment of vegetation, but introduced a 
unique stage into the life history of 
insects. 

“For our present purpose another 
change is far more important. At this 
time apparently there occurred one of 
the most vital steps in the evolution of 
our direct ancestors, the mammals. Ex- 
treme aridity and low temperature were 
both characteristic of certain epochs of 
the Permian Period. Among the more 
progressive types of land animals 
aridity has a tendency to accelerate de- 
velopment. It places a premium upon 
the power to travel, and especially upon 
speed. As Lull puts it: ‘Not only are 
food and water scarce and _ far 
between, but the strife between 
pursuer and pursued becomes intensi- 
hed—neither can afford to be outdis- 
tanced by the other. This means in- 
creased metabolism, which in turn gen- 
erally implies not only greater motive 
powers but higher temperature. With 
increasing cold a premium would be 
placed upon such creatures as could 
maintain their activity beyond the 
limits of shortening summers, and this 
could he accomplished only by the de- 
velopment of some mechanism whereby 
a relatively constant temperature could 
be maintained within the animal regard- 
less of outside conditions.’ In other 
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words, there arose warm-blooded an1- 
mals whose temperature was more or 
less independent of the surrounding air 
instead of varying with it as is the case 
in cold-blooded animals. Among 
mammals this led to the production ot 
the young within the body of the 
mother, instead of from eggs in which 
the mother took little or no interest 
after they were laid. Among birds it 
forced the mother to care for the eggs 
if they were to be hatched. Thus the 
relation of mother and child became 
firmly established. The latter develop- 
ment of this relation has been the chief 
source of all that is best in mankind.” 


THE AGE OF REPTILES 


All this, of course, was a slow de- 
velopment. Gigantic reptiles lorded it 
on the earth in those days, and the 
mammals were little beasts skulking 
in out-of-the-way corners, perhaps in 
the hills rather than on the lowland 
plains. 

“Once more we must skip millions 
of years. The mammals have grown 
in size and variety until they range 
from the mouse to the mammoth. They 
have ousted the reptiles from the best 
parts of the earth. They have taken to 
the air with the wings of the bat, they 
have gone back to sea with the whale, 
they have learned to run like the ante- 
lope, to burrow like the mole, and toe 
climb trees like the squirrel. Their 
limbs have become hoofs, claws, wings, 
flippers, and hands. The Age of Mam- 
mals has come to its epiphany. Then 
as in Permian times, there once more 
comes a widespread period of climatic 
stress, the last Glacial Period. A new 
element enters into its evolution, for 
at last man appears and intelligence be- 
comes dominant. 

“When the mammals had reached a 
condition of complete dominance they 
were suddenly wiped out wholesale. In 
North America the whole family of 
horses was destroyed; the elephant 
tribe, including the mammoth = and 
mastodon, disappeared; the camel, 
which had formerly been abundant, 
passed away, leaving no trace save his 
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bones. Still other great families such 
as the giant beaver, the sloth, the tapirs, 
and the so-called glyptodonts were like- 
wise exterminated. In Europe there 
was a similar appalling destruction of 
life. 

“Directly or indirectly all this de- 
struction arose from the severe climatic 
oscillations of the Glacial Period, for 
this one period included four great 
‘epochs.’ It was apparently — the 
slacial Period which chiefly stimulated 
man’s mental development and caused 
his intelligence to dominate the earth. 
Previous to the Glacial Period the 
brain of man’s animal ancestors had 
been evolving very slowly for hundreds 
of millions of years. During the half 
million years more or less of the Glacial 
Period previous to the time we have 
now reached, that is, previous to the 
last Interglacial Epoch, it had been in- 
creasing at a rate vastly faster than 
formerly. Yet at the time of the Pilt- 
down Man [100,000 to 150,000 B. C.?| 
the human animal, as we may perhaps 
still call him, had made almost no ad- 
vance in the use of material resources 
His weapons were probably nothing but 
stones, bones, and sticks that he broke 
with his hands. His most elaborate 
manufactured instruments were flints 
of the rudest sort. These were merely 
thick chips roughly flaked a little to in- 
crease their cutting power. So far as 
we yet know, man was still ignorant of 
the use of fire. 


THE NEANDERTILAL RACE 


“In those days the climate of Central 
Europe was apparently somewhat 
milder than at present. This mild 
climate continued for a long time, ap- 
proximately 50,000 years according to 
Osborn’s chronology, which we are now 
following. During this time the region 
from northern Spain and Italy to south- 
ern England and western Austria, 
whence our knowledge of early man is 
chiefly derived, twas peopled by the 
Neanderthal race. These people ap- 
pear to have been a little more ad- 
vanced than the Piltdown type, but 
their brains were distinctly smaller than 
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those of the Europeans of today. Lit- 
tle by little their power and _ skill in- 
creased. Yet even at the end of the 
period of mild interglacial climate, they 
were still extremely primitive. They 
had no esthetic art so far as we know. 
Their greatest exhibition of skill was in 
‘flaking’ the edges of flints to produce 
sharp cutting edges. This they did with 
great skill, producing implements of 
beautiful symmetry and considerable 
utility. Doubtless they had other arts, 
such as the dressing of skins, the build- 
ing of huts, and the making of wooden 
clubs. Yet how little this represents in 
proportion to the hundreds of thou- 
sands of years since man first began to 
chip the flints that he picked up from 
the ground! Only at the end of this 
last Interglacial Epoch do we find the 
first positive evidence that man_ had 
learned to use fire. 

“We now come to a strange and 
most significant fact. Man had lived 
through three great glacial epochs, but 
he had never been subjected to a really 
severe climate. Now for the first time 
he endured one, for the last epoch was 
much more rigorous than its predeces- 
sors. At the same time his evolution 
proceeded much more rapidly than ever 
before. 

“The approach of this severe climate 
was gradual. First there was a long 
period of relatively cool, dry conditions. 
Central France, for example, may have 
heen something like what southeastern 
Russia now is. This caused the dis- 
appearance of two rather sensitive 
Asiatic mammals, the hippopotamus 
and the southern mammoth. Then, as 
the Scandinavian ice-sheet accumulated 
farther north, the climate became more 
severe. Men repaired to the shelter of 
erottos and caverns as they had not for 
tens of thousands of vears. The hardy, 
broad-nosed rhinoceros and the straight- 
tusked elephant both disappeared, while 
animals of the cold Arctic tundra, such 
as the reindeer, the wooly mammoth, 
and the wooly rhinoceros, the 
Arctic lemming, migrated all over 
southern Lritain, Belgium,  [rance, 
Germany and Austria. 


PROGRESS IS CHILLED 


“This condition was too severe for 
early man. The stage of human de- 
velopment, which coincides with the 
beginning of refrigeration, ‘is seen to 
present the climax of a gradual and 
unbroken development’ not only in in- 
dustries but in ideas. The next indus- 
trial stage, which certainly presents the 
closing workmanship of the same 
Neanderthal race, and which coincides 
with the main cold period of the Fourth 
Glaciation, ‘shows a marked retrogres- 
sion of technique in contrast to the 
steady progression which we have ob- 
served up to this time.’ 

“The climatic conditions which were 
unfavorable to development in central 
Europe seem to have been highly fa- 
vorable in other places where they were 
not quite so severe. Thus somewhere 
in central Asia there appears to have 
developed during this period the great 
Cro-Magnon race. These highly gifted 
people had brains as large as those of 
modern Europeans. They invaded 
southern Europe after the most severe 
part of the fourth Glacial Epoch had 
passed away. ‘After prolonged study 
of the works of the Cro-Magnons, one 
cannot avoid the conclusions that their 
capacity was nearly if not quite as high 
as our own; that they were capable of 
advanced education; that they had a 
strongly developed esthetic as well as a 
religious sense; that their society was 
quite highly differentiated along the 
lines of talent for work of different 
kinds.’ The civilization, such as it was, 
of the Cro-Magnons ‘was very widely 
extended. This marks an important 
social characteristic, namely, the read- 
iness and willingness to take advantage 
of every step in human progress, where- 
ever it may have originated.’ 

“These fine people lived in Europe 
from about 25,000 years ago until 7,- 
OOO years ago. Their art was perhaps 
their greatest claim to fame, for their 
drawings and paintings on the walls 
and roofs of caverns were wonderful, 
considering the primitiveness of the 
tools they employed. Why they dis- 
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appeared we do not know. They were 
not the ancestors of most of the modern 
Europeans. They may have been fair- 
haired like the Nordics, but they had 
peculiarly broad faces and _ relatively 
narrow heads unlike any of the present 
great races. 


THE GREAT MODERN RACES APPEAR 


“They were displaced by other races, 
the long-headed dark Mediterraneans, 
the broad-headed, brown-haired Alpine 
people, and the tall, fair-haired, blue- 
eyed, long-headed Nordics. These later 
races, which have carried civilization 
forward by leaps and bounds, appear 
to have risen to their present mental 
power during this same last Glacial 
Epoch. The place of their origin 1s not 
quite certain, but their common center 
was quite surely in Central Asia not 
far from where the Cro-Magnons de- 
veloped. In that same region dwelt the 
ancestors of the races that evolved the 
early civilizations of China, India, and 
Asia Minor, and at least a part of the 
Mesopotamian civilization. There, in 
an environment not quite so severe as 
that of central Europe, these early peo- 
ple developed the art of smoothing 
stone implements and evolved other 
capacities which enabled them to con- 
quer the artistic Cor-Magnons. There, 
too, or else in the not greatly dissimilar 
climate which then prevailed in North 
Africa, the art of copper smelting was 
invented. A little later, in essentially the 
same Asiatic regions, the far greater 
art of making iron tools was developed, 
and man took still another of the great 
steps which mark his advance toward 
civilization. 

“In view of these facts and many 
others it is hard to avoid the conclusion 
that the last Glacial Epoch and the 
succeeding period of less pronounced 
climatic changes were peculiarly stimu- 
lating to mental development. The cold- 
est places were not favorable, but on 
their borders where the climate was 
severe enough to be highly bracing, but 
not benumbing, there ‘occurred an €X- 
traordinary development of brain 
power. As evolution counts the years 


of Heredity 


we are still too near to see this develop- 
ment in its true light. Yet it can 
scarcely be mere chance that man rose 
above the animals during a great glacial 
period such as that which directed the 
wonderful evolutionary changes of the 
far earlier Permian Period. 

“Still less is it likely to be mere 
chance that the evolution of the powers 
of the human brain was relatively slow 
until the last of the four great epochs 
into which the Glacial Period is divided. 
That last epoch was colder and more 
severe than any of the others. Close 
to the ice-sheets it was apparently so 
severe that it caused retrogression, but 
farther away it apparently provided 
conditions such that man changed a 
thousand times faster than the animals 
had changed during the vast periods 
of relatively uniform climate in earlier 
geological times. Clearly a severe 
climate is wonderfully potent in hasten- 
ing the course of evolution.” 


SEEKING AN EXPLANATION 


This last conclusion would doubtless 
be accepted by all biologists, since a 
rigorous climate means an intensity of 
natural selection that perpetuates 
favorable variations. But Dr. Hunting- 
ton seeks a more direct intervention of 
climate in evolution and devotes a chap- 
ter to “New Types among Animals,” 
in which he argues that the effect of 
climatic changes is to induce sudden, 
inheritable mutations. 

This, of course, is an old stamping- 
ground for biologists, and they will not 
consider that he has made out a strong 
case; nor does he claim that the evi- 
dence is now conclusive. He bases his 
hopes on a few well-known experi- 
ments such as: (1) the effects of 
changes of temperature on the pupae 
of butterflles; (2) W. L. Tower's 
work on potato-beetles; (3) experi- 
ments on drosophila under extremes of 
temperature; (4) P. Kammerer’s work 
on toads; (5) F. B. Sumner’s experi- 
ments with mice; and (6) A. H. 
Clark’s observations on crinoids from 
different regions. Some of these ex- 


ws 
‘ 
4 
é 
4 
| 
i 
3 
> 
: 
| 
| 
| 
‘ 
4 
TH 


A Review: World-Power and Evolution 143 


periments are not taken very seriously 
by biologists in general, while the good 
ones are susceptible of various explana- 
tions, and it is by no means evident 
that they are of a character to produce 
the great evolutionary effect that Dr. 
Huntington would ascribe to them. 

The long quotations that have been 
given are sufficiently illustrative of the 
manner in which Dr. Huntington inter- 
prets the facts, and it is impossible here 
to review the chapters in which he in- 
geniously applies his hypotheses to an- 
cient and modern history, taking up 
the Greeks, the Romans, the Jews, the 
Negroes, the Germans, the Turks, and 
indeed most of the races and nations 
of the earth, and seeking to show that 
their achievements coincide with favor- 
able climatic conditions, their failures 
correspond to unfavorable ones. The 
book must be read, and few will re- 
egret reading it. 

“Some readers,’ Dr. Huntington 
warns, “may feel that the importance 
of environment is exaggerated in this 
book. That will be largely because 
they do not attach as much weight as 
does the author to the qualifying 
phrases which he has used. A few gen- 
erations ago the emphasis was all upon 
the various agencies which combine to 
furnish trang. Ina broad sense these 
include the Church, the Home, the 
School, the State, and other institu- 
tions. Recently tremendous emphasis 
has justly been given to another factor, 
namely, heredity. We are told that 
heredity plays nine parts and training 
one in determining what a man’s char- 
acter shall be. According to such an 
extreme view physical environment is 
scarcely worthy of mention. Yet train- 
ing, heredity, physical environment, are 
like food, drink, air. One or another 
of these may be placed first, according 
to the individual preferences, and one 
or another may demand more atten- 
tion according to the circumstances. It 
is idle, however, to say that one is any 
more important than the others. All are 
essential. Until the world learns this 
vital lesson, it will be necessary that 


some students should lay special stress 
upon heredity because its importance 1s 
not yet so fully recognized as is that of 
training. Other students must lay still 
greater stress upon physical environ- 
ment because its importance is still less 
appreciated. When the world realizes 
that the human race must be bred as 
carefully as race horses, and that even 
when people inherit perfect constitu- 
tions their health must receive as much 
care as does that of consumptives, it 
will be time for a book in which train- 
ing, heredity, and environment receive 
exactly equal emphasis.” 


THE AUTHOR’S POSITION 


Again, at the close of the book, Dr. 
Huntington makes a final effort to 
avoid misunderstanding. “Today the 
swing of evolutionary thought is all to- 
ward the side of heredity,” he explains. 
“Therefore scores of biologists will feel 
that in placing so much emphasis upon 
the effect of environment I have com- 
mitted a cardinal sin. They will say 
with justice that there is far more 
proof of the importance of heredity 
in causing stability from generation to 
generation than of the importance of 
environment in creating mutations. 

“Undoubtedly the evidence as to the 
cause of mutations is still slight. That 
is inevitable when a subject first comes 
into the realm of scientific investiga- 
tion. On the basis of such scattered 
facts as are yet available we have 
framed the hypothesis that the com- 
monest cause of mutations and thus of 
the origin of species is germinal change 
due to the action of extremes of heat 
and cold upon the organism in its early 
stages of growth. If such an hypothe- 
sis 1s accepted, it will doubtless de- 
mand a readjustment of many old ideas, 
but there is nothing about it at all in- 
consistent with the strongest possible 
belief in the importance of heredity. 

“The scales have swung too far in 
one direction because one side has 
been weighted with some of the most 
important and interesting facts that 
have ever been discovered. Now we 
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must find facts of other kinds and 
throw them into the scales. It hap- 
pens that the facts set forth in this 
book fall into the side of the scale 
marked environment. By and by we 
shall have more facts. As we dig them 
out we must carefully inspect them to 
see whether they belong in one scale 
or the other. It is easy to mistake the 
scale in which a given fact should fall, 
and sometimes we may have done so in 
this book. Yet even so there remain 
many facts which indicate that ex- 
tremes of heat and cold, moisture and 
dryness, are somehow associated with 
pronounced changes in the form and 
function of organs of the body. This 
single fact, if it be a fact, is more 
important than all else that we have 


Morgan on 


THe oF Herepity, by 
Thomas Hunt Morgan, professor of 
experimental zoology in Columbia 
University. Monographs of Experi- 
mental Biology; the J. B. Lippin- 
cott Co., Philadelphia, 1919, Pp. 305, 
with 117 illus. Price, $2.50. 


During the past twenty years the na- 
ture of the process of inheritance has 
been demonstrated in detail to the satis- 
faction of nearly every one, and no man 
has had a larger part in this gre? 
accomplishment than Dr. Morgan, The 
present book is the most complete ac- 
count extant of the mechanism of 
heredity, and it will therefore be indis- 
pensable to every serious student of the 
subject. even though in some respects 
it will not at once supplant “The Mech- 
anism of Mendelian Heredity,’ which 
Dr. Morgan and his associates published 
in 1915. 

All of the important or moot points 
of the subject are discussed, and diff- 
culties are met squarely, except in a 
few instances, as in a discussion (p. 36) 


here discussed. Part of its importance 
lies in that it opens up the possibility 
that some day mankind may learn not 
only how to select the best variations 
in a given plant or animal, but how to 
cause a great number of widely diverse 
mutations from which he may select. 
“Tn all this the human race is merely 
one among the species of animals. For 
aught we know, his migrations and the 
many new and artificial conditions toa 
which he subjects himself may be alter- 
ing some of his most deep-seated quali- 
ties. \Ve spend millions in the attempt 
to improve plants and animals. Is it 
not time that we learned how the high- 
est of all the animals is being changed 
and how his future evolution may be 
directed along the right path?” 


Heredity 


of the objection that Mendelism deals 
only with superficial characters, such as 
color, ‘This is on its face a fundamen- 
tal objection, and the only answer Dr. 
Morgan makes is to cite the well-known 
lethal factors that destroy the individual 
when homozygous. “There can be no 
question as to the fundamental impor- 
tance of such factors,” he truthfully 
states; but certainly this does not an- 
swer the attack, and it might as well be 
admitted that the characters whose 1n- 
heritance has so far been worked out 
satisfactorily are in general superficial 
characters. It is easy enough to see 
that any important structure or func- 
tion must be due to the interaction of a 
large number of factors, and it is no 
cause for apology that geneticists have 
not yet been able to isolate all the fac- 
tors that go to make such a character. 
The book contains a_ good bibli- 
ography, which brings a fresh realiza- 
tion of the great amount of work that 
has been done in genetics in the briet 
time that it has existed as a science.— 
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